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GENERAL INTRODUCTION 
Since the beginnings of agriculture thousands of years ago, humans 
have tilled the soil in an attempt to create a desirable seedbed for plant 
germination and growth. In terms of resistance to erosion, fertility, air- 
water relations, and many other properties soil structure was ideal in the 
virgin, untilled soil. We have tilled, particularly in most recent years, 
with a wide variety of implements to manage crop residues as well as to 
attempt to recreate the well aggregated, porous, low-density condition of 
the virgin soil. 
Natural soil aggregates, which range in size from tens of micrometers 
to several millimeters provide the fundamental unit of soil structure. 
Soil parent materials are single grained or massive. These materials are 
molded and bonded together into aggregates through the processes of soil 
formation: wetting and drying, freezing and thawing, plant growth, animal 
activities, the accumulation of organic matter, and microbial processes. 
Farming systems are constantly changing, because of the development of 
new technologies as well as because of changing economic conditions. A new 
factor for agriculture is environmental regulation. Limits on soil erosion 
as well as pesticide use will continue to change how the land is farmed. 
To meet these regulatory requirements and continue to provide food and 
fiber for a growing world population, a greater understanding of the soil 
resource is essential. 
A review of previous crop rotation and tillage studies on soil 
structure and aggregate stability led to the hypothesis that as intensities 
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of cropping and tillage increase, soil organic matter levels and soil wet 
aggregate stability will decline. 
The studies that follow were undertaken to make use of published 
water-stable aggregate analysis methods to determine soil and crop 
management impacts on soil aggregates and to determine what correlations 
exist between aggregate stability and other soil biological, chemical, and 
physical parameters for selected midwestern soils. 
Explanation of Thesis Format 
This thesis is arranged in the Iowa State University alternate format. 
A review of the literature precedes two sections, each a paper intended for 
publication. These papers are written to meet publication requirements of 
the American Society of Agronomy (ASA). Following the two papers is a 
general summary of the thesis and a list of literature cited in the general 
literature review and the general summary. Appendices detailing the 
results of additional experiments follow the literature cited. 
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LITERATURE REVIEW 
The tendency of soils to break down from clods into smaller 
aggregates under the influence of moisture changes is one of 
the most significant dynamic properties of soils in relation to 
erosion control and tillage practicesc (Yoder, 1936, p. 338) 
The binding of soil particles into stable aggregates is 
essential for the production of optimum soil tilth. Well 
aggregated soils provide stable traction for farm implements, 
adequate physical conditions for the penetration, growth, and 
anchorage of plant roots, and free drainage with moderate 
retention of rainfall. (Harris et al., 1966, p. 107) 
Soil tilth, aggregation, and soil structure are terms attempting to 
describe or quantify the condition of the soil with reference to 
agriculture. Soils are composed of solids and pore space. The relative 
arrangement of solids and pores is what constitutes soil structure. The 
solid phase of the soil forms discrete units or aggregates. Soil 
aggregates are generally less than 5 mm in diameter, and in a mild climate 
are mostly 0.25 to 5 mm (Allison, 1973). As noted by Yoder above, these 
aggregates are subjected to forces that tend to break them into smaller 
units. Principal causes of this breakdown are the forces involving water. 
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Importance of Wet Aggregate Stability to Soil Behavior 
Soil erosion 
Soil erosion remains a vexing problem for agriculture, prompting major 
initiatives in the 1985 and 1990 farm bills, (e.g. The Food Security Act 
and Conservation Reserve Program). The resistance or stability of soil 
aggregates to raindrop impact and the forces of flowing water relate 
directly to erosion resistance. 
Many workers have related wet aggregate stability data to soil loss. 
Bryan (1968) and Luk (1979) found the size and stability of water stable 
aggregates were the most significant variables explaining soil loss. Clay 
and organic matter content had variable effects. Wilson and Browning 
(1945) found that the proportion of water-stable aggregates greater than 2 
mm was the size fraction most closely related to erosion resistance. Young 
(1984) distinguished rill and interrill erosion processes. He proposed 
that the principal force involved in interrill erosion is raindrop impact 
and that water-stable aggregates (as determined by wet sieving) are more 
related to slaking forces of flowing water within a rill. Young (1984) 
further explained that for this reason stability against interrill raindrop 
impact may not be related to wet-sieve stability. 
Infiltration and aeration 
The volume of large pores or macropores generally increases as 
aggregation increases. These pores increase infiltration, tilth, and 
aeration (Boyle et al., 1989). Immediately following tillage, large pores 
are present, and infiltration and aeration tend to be favorable. This 
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structural state will not be maintained if soil aggregates are not water 
stable (Kemper and Rosenau, 1986). Compaction, smearing, and formation of 
root-restrictive pans all reduce infiltration and aeration, and can be 
related to the wet strength of soils (Chaney and Swift, 1984). 
Understanding Soil Aggregates 
Understanding processes of aggregate formation, stabilization, and 
destruction is important for evaluating soil aggregate stability, and 
predicting the impacts of soil and crop management. 
Aggregate formation--physical processes 
The physical processes involved in aggregate formation were described 
by Kemper and Rosenau (1986). As soil dries, surface and cohesive water 
tension draw soil particles together. Silica, carbonates, and organic 
compounds are concentrated at soil particle contact points, and bonds are 
formed. Allison (1968), listed wetting and drying, freezing and thawing, 
temperature changes, and cultivation as other important physical forces 
contributing to aggregate formation. 
Thixotropy is a process occurring at the scale of the clay micelle 
that influences aggregate formation and stabilization. After being forced 
into a parallel alignment by forces such as tillage, clay particles 
reestablish edge-to-face arrangements, which results in an increase in 
stability and strength (Molope, 1987). 
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Aggregate breakdown--physical processes 
The principal agent causing aggregate disintegration is water. 
Disintegration by wetting may be explained by several processes including: 
swelling caused by forces of ion hydration and osmotic potential 
differences pulling water between clay platelets; rapid, uneven wetting 
causing shear planes in macroaggregates; solubilization of bonding agents; 
and the forces of entrapped air (Kemper and Rosenau, 1986). The wetting 
process within a soil aggregate was well described by Yoder (1936) p. 339: 
if an air dry lump is immersed in water, the water penetrates 
the lump at the highest rate along capillary passageways and 
cracks of larger dimensions. Next, these small capillaries 
begin to rob the larger openings of water since a steep 
gradient of capillary potential is present. This process 
compresses the entrapped air which finally causes a series of 
miniature explosions which continue until the lump is shattered 
into its water stable aggregates. 
The role of entrapped air was investigated by Kemper et al. (1985) who 
looked at the effect of 02 and N2 adsorbed on mineral surfaces. They 
explained that wetting displaces these gases. The adsorbed gases combine 
with gases already in pores. As capillarity pulls in water, the pressure 
of the trapped gases becomes high enough to rupture aggregates. 
The effect of wetting and drying on soil aggregates is a function of 
many factors, including the inherent characteristics of the individual 
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soil, initial moisture content, and the rate of wetting (Harris et al., 
1966). Under certain conditions, wetting and drying forces may increase 
aggregation, but under field conditions, the effects will usually be to 
disintegrate soil aggregates (Allison, 1973). 
Forces important in the breakdown of soil aggregates are also needed 
to create desirable soil structure. Separation of aggregates and creation 
of pores are essential processes (A.M. Blackmer, personal communication 
1990). 
Soil constituents and aggregate stability 
Clay and other inorganic constituents The effect of clay content 
on soil aggregate stability is variable. Clay mineralogy is important. 
Kaolinitic clay has a different impact on aggregate stability than 
montmorillonite or other 2:1 clays. In most studies, clay mineralogy is 
not specified or known. 
Working with one soil series, Yoder (1936) found similar wet aggregate 
stability for soils of widely varying clay content. However, if the clay 
content is very low (< 10 %) aggregation is usually minimal (Allison, 
1973). Luk (1979) found that the effect of clay was a function of organic 
matter content, but in general wet aggregate stability increased as clay 
content increased and decreased as sand content increased. Other workers, 
(Molope et al., 1985; Pojasok and Kay, 1990) have also found significant 
correlations between clay content and water stable aggregates. In terms of 
bonding soil particles into aggregates, clay can bridge gaps between silt 
and sand sized particles, but without other bonding agents such as organic 
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compounds, these bridges are not flexible enough to withstand changes in 
moisture content (Boyle et al., 1989). Clay also plays a role in the 
separation of soil aggregates in B horizons through the formation of clay 
skins (Allison, 1968). 
Inorganic soil constituents other than clay can be important in some 
soils. In a study of 519 western U.S. soils, Kemper and Koch (1966) 
reported that wet aggregate stability increased as free iron oxides 
increased, but it decreased as exchangeable Na increased. It was 
unaffected by different levels of CaC03. (All soils in their study were 
from the western United States and Canada, and were generally calcareous.) 
Some tropical soils have very stable aggregates due to iron and aluminum 
oxides and amorphous silica (Allison, 1968). 
Carbon and organic matter The biological, chemical, and physical 
behavior of soils is largely determined by the organic matter (Boyle et 
al., 1989). Allison (1973) listed crusting, infiltration, moisture 
content, drainage, tilth, aeration, temperature, microbial activities, and 
root penetration as soil properties that were influenced by organic matter 
through its effect on aggregation. Relatively inert forms of organic 
material perform an important function by keeping aggregates apart 
(Allison, 1968). Chaney and Swift (1984) in a study of 120 British soils 
found that organic matter was more highly correlated with aggregate 
stability than were sand, silt, clay, N, Fe, or CEC. Luk (1979) found that 
water stability was proportional to organic C for soils with low organic 
matter content but it was inversely proportional for soils with greater 
than 7.6% organic carbon. Kemper and Koch (1966) in a study of 519 western 
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U.S. soils found a rapid rise in aggregate stability with increasing 
organic matter contents up to 2%, with little increase in stability in 
soils with higher organic matter contents. Pojasok and Kay (1990) and 
Molope (1987) also found higher organic matter levels associated with 
greater aggregate stability. The form of soil organic matter may be more 
important than the total amount, as specific fractions are often correlated 
with aggregate stability (Baldock and Kay, 1987; Chaney and Swift, 1984; 
Boyle et al., 1989; Perfect et al., 1990a&b). 
Aggregate Stability--Biological Processes 
Central to understanding the impact of soil and crop management on 
soil structure and aggregate stability is understanding the role 
microorganisms play in binding soil particles. A frequently referenced 
model based on the permanence of bonding agents, was proposed by Tisdall 
and Oades (1982). In their model, transient bonding agents, mainly 
polysaccharides, are produced and decomposed by microorganisms. Temporary 
bonding agents include roots and fungal hyphae (particularly mycorrhizae) 
that are affected by management. These temporary agents are associated 
with stability of macroaggregates (> 0.250 mm). Finally, persistent 
bonding agents, which are resistant aromatic organic compounds associated 
with polyvalent metal cations are associated with microaggregate (< 0.250 
mm) stability. These microaggregate bonds are not affected by management. 
Edwards and Bremner (1967) investigated microaggregate bonding. They found 
aggregates < 0.250 mm were highly stable, bound by clay-polyvalent metal- 
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organic matter complexes, and that organic matter bound in this way was 
inaccessible to microorganisms. 
Fungal hvnhae 
Fungal hyphae are important soil stabilizing agents in many soils. 
Tisdall and Oades (1982) explained that the hyphae are not strong 
individually, but working with plant roots they form a three-dimensional 
network which binds aggregates with considerable strength. Aspiras et al. 
(1971) found that binding agents on the hyphae were more important than 
their physical entanglement in creation of stable aggregates. The fine, 
extensive network of hyphae also distribute binding substances throughout 
the soil (Harris et al., 1966). 
Other microbial influences 
The association of microbial decomposition products, principally 
polysaccharides, with aggregate stabilization is well documented (Harris et 
al., 1966; Chesire et al., 1984). Chesire et al. (1984) used periodate to 
remove polysaccharides and found a significant correlation between 
polysaccharide content and the stability of microaggregates > 0.045 mm. 
Sugars oxidized by their treatment were characteristic of microbial 
sources. In contrast, Molope et al. (1987) found no increase in aggregate 
stability with increased bacterial growth and associated production of 
polysaccharide. They hypothesized that microsites where polysaccharides 
can bond may be limited in number. Many polysaccharides are easily 
metabolized by soil microorganisms and are short lived. They must be 
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continually replaced to maintain aggregate stability (Harris et al., 1966). 
Roots, soil moisture, and aggregate stability 
Localized drying around roots is important in the creation of stable 
aggregates (Kolodny and Neal, 1941; Allison, 1968). The increase in wet 
aggregate stability often reported in forage plots relative to row crops 
such as corn (Zea mays L.) may be a function of soil moisture regimes 
(Perfect et al., 1990b). Periodic drying may tend to counteract 
detrimental effects of corn on soil structure by increasing the attachment 
of periodate-sensitive (polysaccharide) materials (Ried and Goss, 1982). 
Earthworms 
Earthworms have an important influence on the creation of soil 
structure and aggregates. They burrow vertically and horizontally, and 
leave behind a maze of macropores that increase infiltration and aeration. 
They incorporate organic residues into the soil, intimately mixing soil and 
organic materials. The soil and organic materials they consume are ejected 
as casts, and these casts may form a substantial portion of water-stable 
macroaggregates found in many soils. As much as 2100 tons ha'1 yr'1 of casts 
have been reported in Africa (Edwards and Lofty, 1972). 
A very important property of worm casts is their stability relative to 
the surrounding soil. Casts are soil aggregates, and their stability is a 
function of the organic matter the worms consume and microbial activity 
after excretion (Lee, 1985). Early work on the effect of earthworms on 
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water stability of the soil was done by Hopp and Hopkins (1946), working 
with bulk soil rather than isolated casts. They found nearly a fourfold 
increase in water-stable aggregates in the presence of worms compared to 
soils without worms. 
Casting is not the only way earthworms increase wet aggregate 
stability. Piearce (1981) found a significant increase in stability when 
worms were present even without casting. He attributed this to binding 
effects of fluids excreted from the bodies of the worms. 
Shipitalo and Protz (1989) focused on bonding mechanisms within casts 
by using chemical pretreatments. They developed the following model for 
aggregate formation associated with earthworm casting: (1) Ingestion of 
litter and soil and mixing; (2) Organic matter is broken down into smaller 
pieces within the worm; (3) Lignified components such as vascular bundles 
stay somewhat intact; (4) Bonding substances are released or formed; (5) 
Mixing and breakdown bring soil and organic particles into close contact 
with bonding substances that have been released or formed in the worms; 
(6) Resistant organic particles become foci for aggregate formation; and 
(7) Bonds that are weak at excretion increase in strength as drying 
proceeds. 
Soil and Crop Management Effects 
Crop rotation 
As cropping intensity increases from permanent pasture or the native 
prairie condition to intensive row cropping or even fallow, soil structure 
and wet aggregate stability decline. Adem and Tisdall (1984) compared 
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fragile soils in permanent pasture with commercial tomato (Lycopersicon 
esculentum Mill.) production in Australia and found decreases of 36% and 
14% in wet aggregate stability and percent organic carbon, respectively for 
fields in tomato production. 
Forages can be important to stable aggregate formation. Barley 
(Hordeum vulgare L.) and alfalfa (Medicago sativa L.) increased aggregate 
size and stability compared to a fallow control (Angers and Mehuys, 1988). 
Fifteen years of bromegrass (Bromus inermis Leyss.) produced more water 
stable aggregates than growing continuous corn (Baldock and Kay, 1987). 
Wilson and Browning (1945) reported that aggregate stability in continuous 
corn (Zea mays L.) was < rotation corn < rotation oats (Avena sativa L.) < 
continuous alfalfa < continuous bluegrass (Poa pratensis L.). Strickling 
(1957) found more organic matter and aggregate stability for soils in 
continuous wheat (Triticum aestivum L.), ladino clover (Trifolium repens 
L.), and orchardgrass (Dactylis glomerata L.) and less organic matter and 
aggregate stability in soils under for continuous soybean [Glycine max (L.) 
Merr.], continuous corn, and bare fallow. 
Tillage 
Tillage is used for two principle purposes: to destroy weeds and to 
create a desirable environment for plant growth. However, long-term 
effects of tillage on soil structure are often negative. The network of 
roots and hyphae holding macroaggregates together can be broken apart by 
tillage (Adem and Tisdall, 1984). Bonding mechanisms of many kinds are 
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disturbed by tillage (Molope et al., 1987). Rogowoski and Kirkham (1962) 
showed that pressure applied to soils through tillage is not a factor in 
creating water stable aggregates. Different tillage systems for one crop 
have not always created detectable differences in wet aggregate stability. 
Perfect et al. (1990a) found no difference in wet-aggregate stability in 
soils under conventional compared with no-till continuous corn production. 
Tillage and loss of organic matter 
Loss of organic matter and deterioration in soil physical conditions 
have often been associated with the onset of cultivation. Oades (1984) 
explained that decreases in soil organic matter and increases in 
dispersible clay in regularly cultivated soils were caused by oxidation of 
organic binding agents. Molope (1987) further explained that cultivation 
breaks aggregates apart, which is followed by microbial breakdown of 
formerly protected organic substrates, and subsequent oxidation and loss of 
organic matter. Molope and Page (1986) found nearly a 50% decrease in soil 
organic C after 50 years of continuous cropping compared with permanent 
pasture on the same soil. 
Loss of organic matter with cultivation usually also decreases wet 
aggregate stability (Tisdall and Oades, 1982). Churchman and Tate (1987) 
found that macroaggregate stability was closely related to organic carbon 
content. Elliot (1986) suggested that the organic component which binds 
microaggregates into macroaggregates is the component lost with 
cultivation. Weill et al. (1988) found organic matter binding 
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microaggregates into macroaggregates was more important to aggregate 
stability than total organic matter. 
Methods of Measuring Water Stable Aggregates 
Wet sieving 
Numerous methods have been used to assess the wet stability of soil 
aggregates. They include wet sieving, raindrop impact on individual 
aggregates, subjective assessments, and others. Most methods measure 
aggregates when they are submersed or at water potentials greater than 
zero. Some form of wet sieving is the most common method. Soil aggregates 
from the bulk soil or a certain size fraction are manually or mechanically 
raised and lowered on one or more sieves under water. Soils may or may not 
be pre-wetted to a specified moisture content or potential (usually near 
saturation) prior to analysis. One of the first and most frequently 
referenced methods of wet sieving is that of Yoder (1936). He used a nest 
of five sieves, from 5 to 0.1 mm, to sieve soils in a modified washing 
machine. Rate and depth of immersion were constant. 
Many workers have used the basic ideas of Yoder with various 
modifications. Kemper and Koch (1966) did an extensive study of 519 soils 
from a wide area of the western United States and Canada. They air dried 
samples, dry sieved them, and saved the 1- to 2-mm fraction for analysis. 
Samples were placed on a 0.25-mm sieve, and were wetted on filter paper 
placed on a ceramic plate within a vacuum desiccator. Deaerated water was 
then allowed to cover aggregates within the evacuated desiccator. Samples 
were sieved in salt-free water, and a HMP (sodium hexametaphosphate) 
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solution was used disperse samples to determine percentage > 0.250 mm. 
They found the 1- to 2-mm fraction to be the most reproducible with their 
methods. 
Chaney and Swift (1984) vapor-wet 2.0- to 2.8-mm air-dried aggregates 
and sieved through a nest of 2.0-, 1.2- and 0.5-mm sieves. They expressed 
their results as a mean-weight-diameter (MWD). After comparing wet sieving 
with several other methods, they found the wet sieving to be the most 
precise and the most able to resolve treatment differences. 
Matkin and Smart (1987) compared several methods of wet-aggregate 
analysis. They compared wet sieving to more subjective measures, including 
a visual classification of aggregate dispersion, a change in moisture 
characteristic, a slump test and others. They found that quantitative 
measurements, on a continuous scale, were superior, and concluded that 
although the methods were correlated, different soil properties were 
measured by the various methods. 
Wet sieve data analysis 
For single sieve type measurements, data are generally presented as 
percent of the original soil sample remaining intact after sieving. 
Investigators using multiple sieve methods usually use either geometric 
mean diameter (GMD) (Jastrow and Miller, 1991), or mean weight diameter 
(MWD) (Young, 1984) as an index of soil stability. The GMD is often 
preferred because most soils tend to have log-normal aggregate size 
distributions (Gardner, 1956). 
17 
Other methods 
Emerson (1967) used a subjective observation of slaking differences to 
classify soil aggregates. Some have looked at simulated raindrop impact 
(Young, 1984; Francis and Cruse, 1983), and others have used methods such 
as the change in permeability, or change in suspension density as 
aggregates are subjected to wetting forces (Williams et al., 1966). 
Srzednicke and Keller (1984), looking for a faster method of aggregate 
analysis than wet sieving, compared a volumeter test to a Yoder-type wet 
sieving method. The volumeter test consisted of wetting aggregates by 
capillarity to a known tension, filling a graduated cylinder with the wet 
aggregates, and subjecting the cylinder to a series of "knocks”. The 
decrease in sample volume was considered an index to wet stability. The 
volumeter and wet sieve data were well correlated, but the former had 
better correlations with several physical and chemical properties of the 
aggregates and achieved their objective of a faster test. Williams et al. 
(1966) found turbidimetry, a measurement of the optical density of a soil 
suspension, to be the most sensitive of several methods. 
Turbidimetry 
A frequently used method for assessing wet aggregate stability is 
turbidimetry, sometimes referred to as dispersible clay. Transmission of 
light is used to compare water stability of aggregates. After some input 
of dispersive energy, the amount of soil in suspension is inferred from 
transmission of light compared with a distilled water standard. 
Differences in microaggregation can be measured with this technique. 
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Several advantages of the turbidimetric method have been described. 
Turbidimetric methods may be useful on poorly aggregated soils because 
methods of measuring macroaggregate stability such as wet sieving are 
frequently ineffective (Kolodny and Neal, 1941). Molope et al. (1985) 
found that in addition to being faster and more reproducible, turbidimetry 
revealed differences in cropping history better than two wet-sieving 
procedures. Shanamuganathan and Oades (1982) found strong correlations of 
dispersible clay with a variety of physical properties, including hydraulic 
conductivity, modulus of rupture, plastic limit, and available water. 
Method Most workers have used some variation of the method used by 
Williams et al. (1966). They used 1- to 2-mm air-dry aggregates and pre¬ 
wet them incrementally to -3 kPa water tension. The aggregates were then 
transferred to 7.5 cm by 2.5 cm tubes with 20 ml of water. Tubes were 
inverted at 13.4 rpm for a variable length of time depending on the soil 
and the range of the spectrophotometer. Samples were analyzed for percent 
transmittance, and the data were interpreted as a measure of microaggregate 
stability. Pojasok and Kay (1990) used a method combining a wet sieve- 
type procedure and turbidimetry. They were able to separate water-stable 
macroaggregates > 0.250 mm from microaggregates < 0.250 mm with their 
method. Serial dilutions of clay-size particles were used to prepare a 
standard curve. 
Effect of color Investigators have come to different conclusions 
regarding the effect of suspension color on turbidimetric analysis. Ried 
and Goss (1981) and Davidson and Evans (1960) found corrections for color 
were not needed. However Nel and Blignaut (1987) found percent 
19 
transmittance to be a function of suspension color, with darker colored 
suspensions allowing less transmittance. 
Interpretation of data A variety of ways have been used to 
interpret and present turbidimetric data. Williams et al. (1966) used the 
ratio of a first to a second reading after shaking as a stability index. 
Cheshire et al. (1984) expressed their results as log10 of percent 
transmittance. Molope and Page (1986) simply used percent transmittance. 
Pojasok and Kay (1990) prepared standard curves and expressed the results 
as a percentage of the oven-dry sample weight. Nel and Blignaut (1987) 
used the log of transmitted light intensity units to compare with the 
concentration of sediment in suspension. 
Moisture Content and Aggregate Stability Measurements 
Moisture content at sampling 
In general, higher water contents at sampling decrease aggregate 
stability, even if the aggregates are brought to a uniform moisture content 
prior to analysis. Thus, treatment differences may be due only to 
differences in initial moisture content (Gish and Browning, 1948). 
Churchman and Tate (1987) found that high moisture content was associated 
with less wet aggregate stability for allophanic soils in New Zealand. 
Perfect et al. (1990a) went so far as to correct water-stable aggregate 
data for moisture content at sampling, because they found a consistent 
exponential relationship between stability and water content for aggregates 
kept field-moist prior to analysis. In contrast, Kemper and Koch (1966) 
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found no consistent effect of field moisture content for air-dried samples 
when vacuum wetted to saturation prior to analysis. 
Pojasok and Kay (1990) found that the initial moisture content of 
field-moist samples, pre-wet to saturation before analysis, was the most 
important factor affecting dispersible clay (a measure of microaggregate 
stability). Perfect et al. (1990b) found that macroaggregate wet stability 
decreased and dispersible clay increased as field moisture content rose. 
Both wet aggregate stability and dispersible clay were more highly 
correlated with field moisture content than with either root length, root 
weight, or microbial biomass. Gerard (1987) determined that aggregation of 
particles < 0.050 mm was a function of antecedent moisture content, and 
that aggregate stability was at a maximum at -1.5 kpa. 
Effect of air drying 
Before determining wet aggregate stability, a decision must be made to 
air dry samples or to analyze them at the field moisture content. Usually 
soils are air dried for the sake of uniformity, to avoid the variable 
factor of field moisture content (Yoder, 1936). Kolodny and Joffe (1939) 
believed field-moist aggregates provided a more realistic view of changes 
in soil structure in the field. Air drying masks the important effects of 
antecedent moisture content (Perfect et al., 1990b). Air dry aggregates 
have greater aggregate stability than field-moist aggregates. Churchman 
and Tate (1987) found greatest increases as a result of air drying occurred 
with the least stable soils. In addition, microaggregate stability 
increases with oven drying (Pannaboke and Quirk, 1956). Drying seems to 
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increase the stability of compounds affected by periodate (polysaccharides) 
(Ried and Goss, 1981). 
Pojasok and Kay (1990) pointed out that in much of the world only the 
top few mm of soil reach an air dry condition. Furthermore, since drying 
causes dehydration of cementing agents and a consequent increase in 
stability (Harris et al., 1966), determination of field-moist aggregate 
stability would seem superior. In addition, Ried and Goss (1982) explained 
that air drying of soils could lead to misleading conclusions about 
aggregate stability in the rhizosphere, which rarely becomes air dry. A 
case can be made for air drying samples prior to analysis, if the surface 
few millimeters is what is being studied. 
Pre-wetting 
To avoid variability introduced by forces of entrapped air, the method 
of wetting is very important. Slow wetting by vapor or wetting under 
vacuum have been shown to provide the least disruption and maximum 
precision (Kemper and Rosenau, 1986). The rate of wetting is important, as 
it is the main factor causing disruption of the aggregates (Pannabokke and 
Quirk, 1956). A steep gradient of wetting creates planes of failure. 
Macro vs. microaggregates 
Wetting processes at the microaggregate scale are not the same as for 
macroaggregates. Air contained in microaggregates is held in place by 
strong cohesive forces which prevent swelling by keeping water away from 
particle surfaces (Kolodny and Joffe, 1939). 
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Importance of soil water potential 
Francis and Cruse (1983) pointed out an important criticism of using 
wet sieve methods to determine aggregate stability. In investigations 
evaluating the effect of raindrop impact at known water potentials, they 
found large increases in aggregate stability as potential was decreased 
from 0 to -500 Pa. They insisted that any tests of stability must be made 
at a known, uniform potential to be valid. 
Summary 
In summary, soil aggregation affects soil behavior and plant growth. 
Abiotic and biotic parameters are important to aggregate formation, 
stabilization, and breakdown. Crop rotations and tillage systems have been 
shown to affect soil aggregation, soil structure, and soil organic matter. 
Therefore, studies evaluating effects of soil management on aggregation 
should include documentation of both biotic and abiotic soil parameters. 
Primary bonding agents vary with soil aggregate size. Methods of 
analysis should be capable of measuring aggregate stability at both 
macroaggregate and microaggregate scales. 
Soils should be kept field moist prior to analysis to avoid formation 
and strengthening of bonds formed in the air-drying process, unless the 
objective is to study near surface (within a few mm) aggregate stability. 
Sample preparation should include a nondisruptive method of wetting such as 
vacuum wetting or slow wetting by vapor. Samples must be of uniform 
moisture content when analyzed. 
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SECTION I. ALTERNATIVE vs CONVENTIONAL FARMING EFFECTS ON WATER STABLE 
SOIL AGGREGATES: THE THOMPSON-BAKER STUDY 
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ABSTRACT 
Alternative fanning systems are drawing considerable research and 
public interest. On-farm, field-scale comparisons of alternative farming 
methods and typical current methods are few. The condition or "tilth” of 
the surface soil is greatly influenced by the choice of these practices, 
and soil tilth affects plant growth, runoff, erosion, and water quality. 
This study was conducted to compare soil physical properties on an 
alternatively-managed farm to those on a farm using more conventional 
practices. 
Two adjacent 32-ha (80-acre) fields (one alternative, one conventional 
management) were sampled four times over the course of two growing seasons. 
Sampling was by soil map unit, and farming systems were compared on that 
basis. Stability of soil aggregates was determined by wet sieving and 
turbidimetric methods. Aggregate stability for air-dry and field-moist 
aggregates were compared with the wet-sieve method. 
At every sampling, for every soil, the alternative system had greater 
wet aggregate stability, higher total carbon content, and lower bulk 
density than the conventional system. Air drying of samples prior to 
analysis created a definite increase in aggregate stability, presumably by 
concentrating bonding agents at particle contact points. 
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INTRODUCTION 
The broad, conceptual goal of sustainable, organic, or alternative 
agricultural systems is to develop agricultural practices that are more 
environmentally compatible than many current practices. "Alternative" will 
be the word used here to describe this goal. 
The physical condition of the soil, or "tilth," is often reported as 
more desirable when alternative farming practices are used. Reganold et 
al. (1987) found greater organic matter content, lower modulus of rupture, 
thicker A horizons, and less erosion in an "organically" managed farm as 
compared with a conventional farm. Much is known about changes in soil 
physical properties and losses of organic matter when virgin lands are 
tilled (Adem and Tisdall, 1987; Low 1972; Bauer and Black, 1983), 
Considerable data are also available on crop rotation and tillage effects 
in research plots (Perfect et al., 1990; Hill, 1990). Data are limited for 
on-farm comparisons of soil physical properties associated with 
conventional as compared to alternative agricultural practices. When 
farming systems are compared, many facets of production including tillage 
equipment, cover crops, organic inputs such as manure, and timing of 
operations are integrated. This integration is useful but problematic; it 
is often impossible to determine which aspect of the production system is 
responsible for differences in soil parameters. The value of such a study 
can be to suggest factors which can then be isolated in replicated field 
studies or in the laboratory. 
Most evaluations of farming system effects on soil physical properties 
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have focused on soil aggregates and their stability. Aggregate stability 
is often directly related to cropping and tillage intensity. Many 
alternative farming practices include forages and cover crops in the crop 
rotation. Wilson and Browning (1945) reported that aggregate stability in 
continuous corn (Zea mays L.) was < rotation corn < rotation oats (Avena 
sativa L.) < continuous alfalfa (Medicago sativa L.) < continuous bluegrass 
(Poa pratensis L.). Strickling (1957) found increases in organic matter 
and aggregate stability for continuous wheat (Triticum aestivum L.), ladino 
clover (Trifolium repens L.), and orchardgrass (Dactylis glomerata L.). 
Decreases in organic matter and aggregate stability were found for 
continuous soybean [Glycine max (L.) Merr.], continuous corn, and bare 
fallow. Part of the impact of forage crops on aggregation may be purely 
physical, because of an increase in the amplitude of wetting and drying 
cycles (Perfect et al., 1990). Many have found that a grass-legume mixture 
is ideal for aggregation and that cereal and root crops are the most 
detrimental (Harris et al., 1966). Use of grass-legume forages can offset 
to some degree adverse effects of row crops and are often a part of 
alternative farming systems. 
Soil organic matter levels have often been associated with aggregate 
stability because as organic matter decreases, stability usually decreases 
(Tisdall and Oades, 1982; Chaney and Swift, 1984; Pojasok and Kay, 1990). 
The combination of regular cultivation and low organic matter inputs, 
decreases soil organic matter and aggregate stability of soils (Oades, 
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1984). Alternative systems typically use organic inputs such as manure, 
and in some instances, other organic materials produced off the farm. 
Alternative farming systems are also being evaluated as a method for 
reducing soil erosion, which remains a significant problem in the U.S. and 
throughout the world. Soil aggregate stability may be one measure by which 
to compare the erodibility of alternative systems and practices. Luk 
(1979) found wet aggregate stability was the most significant variable 
explaining soil loss. Infiltration and soil loss were highly correlated 
with several measures of aggregate stability (Miller and Baharuddin, 1986). 
Soil erosion is not strictly a function of aggregate stability. Wischmeier 
and Mannering (1969) found wet aggregate stability to be important to soil 
loss, but factors such as texture, organic matter, soil structure, bulk 
density, porosity and other factors were needed to account for 95% of the 
variance in soil loss. Wet aggregate stability alone accounted for only 6% 
of soil loss variance. 
The most common means of assessing wet aggregate stability is wet 
sieving (Yoder, 1936; Pannaboke and Quirk, 1956; Jastrow and Miller, 1991). 
In terms of simulating field processes, wet sieving approximates the 
condition of flowing water within a rill, but disruptive forces are quite 
different for interrill conditions (Young, 1984). Measurements like wet 
sieving compare aggregate stability and strength when saturated, and as 
such are a measure of minimum aggregate stability (Pojasok and Kay, 1990). 
Bradford et al. (1987) found that wet sieve data was significantly 
correlated with initial infiltration rate and splash loss, but total 
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interrill soil loss was best predicted by raindrop energy, soil strength, 
and silt content. 
The main objective of this study was to compare the soil physical 
properties of an alternative and a conventional farming system. A review 
of the literature and equipment availability led to choosing aggregate 
stability as the principal means of comparison. An additional objective 
was to develop methods of assessing field-moist stability of soil 
aggregates. 
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MATERIALS AND METHODS 
Farming Systems 
Two adjacent 32-ha (80-acre) tracts were studied in Boone County, 
Iowa. Soils on these tracts are derived from till and sediments. They are 
a part of the Clarion-Nicollet-Webster soil association. The Thompson farm 
was considered the alternative (ALT) system, and the Baker farm was 
considered the conventional (CONV) system. 
Alternative system (ALT) 
The Thompsons have both cattle and a farrow-to-finish hog operation. 
A corn-soybean-corn-oat-hay crop rotation is used (See Table 1 for 
details). Ridge tillage is used for corn and soybean production. Thompson 
destroys the ridge at planting to bury weed seeds and incorporate manure. 
Both corn and soybean are rotary-hoed twice. Soybean fields are cultivated 
three times and corn fields are cultivated twice (NRC, 1989). Ridges are 
rebuilt during the final cultivation. 
Weed control is accomplished through a combination of several 
practices. Herbicides are generally not used, although Thompson will use 
postemergence herbicides if rain delays cultivation (NRC, 1989). A cover 
crop of oats and winter rye or hairy vetch is often aerially applied to 
soybean as the crop nears maturity. The cover crop is established in corn 
during the final ridge-building cultivation (NRC, 1989). 
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Table 1. Management 
1967-Present 
1967-1984 
1984-Present 
1988-Present 
History of the Thompson (ALT) farming system 
CROP ROTATION 
Corn-Soybean-Corn-Oats-Hay 
Hay - a mixture of alfalfa, orchardgrass, 
timothy (Phleum pratense L.), and red clover 
(Trifolium pratense L.) 
FERTILITY MANAGEMENT 
No commercial fertilizer applied. 
40 t ha'1 yr'1 manure applied to row crops 
(Three out of five years of the rotation). 
Municipal sludge mixed with manure. 
34-45 t ha'1 yr'1 of total material applied. 
34 kg ha1 yr1 N as urea applied to corn and 
oats at planting. 
34-68 kg ha*1 yr'1 ICp added in the row at 
planting. 
Cement kiln dust added to sludge which is 
estimated to supply 112 kg ha'1 yr*1 KgO. 
Oats and hairy vetch or winter rye are 
aerially seeded as a cover crop at soybean 
maturity. Hairy vetch is seeded during the 
final cultivation of corn. In 1990-91, 
winter rye was seeded in two rows on the 
ridge top either in the fall or the spring. 
(continued on next page) 
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Table 1. (Continued) 
TILLAGE 
1980-Present Ridge-till for corn and soybeans (tillage 
with the planter to level ridges, two rotary 
hoeings, and 2 to 3 cultivations.) Offset 
disked twice in the fall to destroy the hay 
crop prior to building ridges. Offset disk 
used in spring prior to seeding oats to level 
ridges from previous corn crop. 
PESTICIDES 
1967-Present No broadcast or banded herbicides or 
insecticides were applied, though 
postemergence sprays will be used as a rescue 
treatment if necessary. 
Soil fertility needs are largely supplied by a 40 t ha1 yr*1 mixture of 
manure and municipal sludge, which is applied just before planting of corn 
and soybean (NRC, 1989). The manure and sludge also provide a significant 
source of carbon (organic matter) for this system. 
Conventional system (CONV) 
Management of the Baker farm is typical of central Iowa agriculture 
(See Table 2 for details). The fields have been in a corn-soybean rotation 
since 1957. Synthetic fertilizers and recommended rates of common 
pesticides are applied. There are no organic inputs such as sludge or 
manure. The farm equipment is large in comparison with the Thompson farm. 
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Table 2. Management History of the Baker (CONV) farming system 
CROP ROTATION 
1932-1957 Corn-Oats-Hay. 
1957-Present Corn-Soybean. 
FERTILITY MANAGEMENT 
1932-1979 Hog manure applied prior to corn crop. 
Fertilizer supplying 0-45-45 kg ha*1 yr 1 
N-P206-K20 was applied every other year. 
1960-1981 112 lb/ac N applied on corn. 
1981-Present 146-90-112 kg ha*1 yr*1 N-P205-K20 applied to 
corn. 
TILLAGE 
1932-1981 Moldboard plow. 
1981-Present Fall disk and chisel plow corn residue, and 
field cultivation of soybean residue in the 
spring. No fall tillage of soybean residue. 
PESTICIDES 
1981-Present Recommended rates of commonly used corn and 
soybean pesticides, predominately herbicides. 
Full-width, reduced tillage methods are used such as chisel plowing 
which leaves some crop residue on the soil surface after planting. No 
cover crops are used. 
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Preemergence sampling (March-Mav) 1990 
Sites were selected in three fields ALT-OATS, ALT-CORN, and CONV-SOY 
(soy=*soybean), in both Nicollet (fine-loamy, mixed, mesic Aquic Hapludoll) 
and Clarion (fine-loamy, mixed, mesic Typic Hapludoll) soils. Site 
selection was based on landscape position, thickness of mollic epipedon, 
and drainage as indicated by the color of subsurface horizons for the two 
soils. Soil identification assistance was provided by A. Steinwand 
(personal communication, 1990). Two sites for each soil were selected in 
each field, and two or three subsamples were collected at each site. 
Planting and sampling dates were approximately March 28, May 2, and May 18 
for the oat, corn, and soybean fields, respectively. The surface 0-to 2-cm 
and 2- to 5-cm depths were sampled separately and placed in plastic bags. 
Samples from the row crop fields were taken from an area approximately 15 
cm wide within the row. 
Wet aggregate stability Within four to five days after planting, 
macroaggregate stability samples were collected using a garden trowel for 
both sampling depths. Samples were kept at 4°C until they were air dried 
for two or three days at room temperature by spreading them a few mm thick 
on freezer paper. The samples were passed through a sieve shaker to obtain 
the 1- to 2-mm aggregate fraction. 
Wet aggregate stability was determined by the method of Kemper and 
Rosenau (1986). Briefly, this consisted of placing 4.00 g (+/- 0.05 g) of 
air-dry aggregates into 8 sieve cups (Figure 1) which had 24 mesh cm'1 
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Figure 1. Sieve cups used for wet sieving and turbidimetry 
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stainless steel screens (wire diameter 0.165 mm, hole size 0.26 mm). 
Samples were wet for approximately 30 min in a vapor chamber (Figure 2) to 
bring them to 30% water content (w/w). An ordinary home humidifier was 
used as the vapor source. The cups were transferred to the sieving machine 
(Figure 3) and sieved for 3 min (+/- 5 sec) at a frequency of 35 cycles per 
minute and a stroke length of 1.3 cm in tin moisture cans containing 3 cm 
of distilled water. This depth of water was sufficient to completely 
submerge the aggregates in the cups at the bottom of each stroke. After 
the distilled water treatment, aggregates were dispersed for 5 min in 2 g 
l'1 NaOH to separate sand and concretions larger than 0.26 mm. Any soil 
aggregates remaining after 5 min were broken up with a rubber policeman 
while continuing the sieving process. All cans were dried to constant 
weight in a convection oven at 105°C. This usually required six to eight 
hours or typically overnight. Wet aggregate stability was determined once 
for each subsample collected in the field. 
Other physical properties Immediately after the fields were 
planted, samples for dry aggregate size distribution (mean weight diameter) 
were taken from the surface 0- to 5-cm depth using a flat shovel. Samples 
were taken from an area centered on the row. Samples were air dried and 
rotary sieved (Chepil, 1962). Soil cores (7.62 by 7.62 cm) were taken 
with a Uhland-type sampler to determine soil water retention curves and 
bulk density. 
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Figure 2. Vapor wetting chamber used for wetting aggregates for the wet 
sieve and turbidimetric procedures 
37 
Figure 3. Wet sieve for determination of water stable macroaggregation 
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Anthesis (July) 1990 
Wet aggregate stability The same sites sampled after planting were 
sampled again at anthesis. Unlike preemergence samples which were sampled 
at different dates, anthesis samples were collected within two days for all 
fields. Water stability was determined for 1- to 2-mm air-dry aggregates 
as previously described. However, air-dry aggregate analysis may, in some 
cases, lead to misleading conclusions (Pojasok and Kay, 1990). Thus it was 
decided to compare aggregate stability for air-dry and field-moist samples. 
To reduce the number of samples, only the 2- to 5-cm depth was sampled. In 
addition, a surface crust was present (0 to 2 cm) which was essentially 
macroaggregate-free because of heavy spring rains. Bulk soil samples were 
divided in the field into field-moist and air-dry samples and were placed 
in plastic bags. The bags were placed in hard plastic containers to 
prevent compression. Field-moist aggregates ranging in size from 1 to 4 mm 
were obtained by gently hand-sieving the bulk soil in the lab. Field-moist 
samples were kept moist and at 4°C until analysis. The larger range in 
aggregate size was used for the field-moist sample following discussions 
with G. Lersch, ARS, Kimberly Idaho (personal communication, 1990), who has 
been working with similar equipment and methods. Field-moist samples were 
vapor wetted using procedures described for air-dry samples with the 
exception of an adjustment for moisture content. Initial sample weight was 
adjusted to 3.92 g oven dry equivalent, which was the average oven-dry 
weight of air dry samples. 
Other analyses Bulk samples were taken at each site for particle 
size analysis, Ph, total C and total N determinations. Total C and N were 
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determined by dry combustion using a Carlo-Erba NCS Model 1500 analyzer 
(mention of specific products does not imply official endorsement). 
Particle size was determined by the pipette method (Walter et al., 1978). 
Post-harvest (early October) 1990 
Sampling It was decided to conduct a more thorough and random 
sampling of one soil map unit at each site. Two fields were selected to 
represent each farming system (ALT-CORN, ALT-HAY, CONV-CORN, CONV-SOY). 
The CONV-CORN field was added to the study to enable comparison of fields 
with the same crop for the two farming systems. The map unit 138C2 
(Clarion loam, 5 to 9% slopes, moderately eroded) was selected because it 
was present in all fields, and it was lower in organic matter and higher in 
sand than the other map units. A lower inherent stability was anticipated, 
allowing the influence of management on the stability of soil aggregates to 
be more easily detected. Samples were collected immediately after grain 
harvest. 
Sixteen subsamples within each map unit (with the exception of ALT- 
CORN where eight subsamples were taken) were taken from each field in a 
"random" pattern. The "random" sampling was achieved by first delineating 
the soil map unit boundary using a hand probe. A roughly circular sampling 
pattern was then followed in each area. Actual microsites for sampling 
were selected by taking a predetermined number of steps and throwing a 
flagged stick without looking. In the corn and soybean fields, samples 
were taken from within the row. A 15-cm-square area was cut with a flat 
garden trowel to a depth of 7.5 cm. Subsamples were thoroughly mixed and 
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divided into portions to be air dried and to be kept field moist to 
continue the comparison of wet aggregate stability methods. The field- 
moist portion was gently sieved in the field to obtain 1- to 4-mm 
aggregates. Gravimetric moisture content was determined on a subsample 
from the bulk soil. 
Wet aggregate stability Macroaggregate stability was determined as 
described previously, with the exception of the vapor wetting endpoint. 
Instead of wetting to 30% w/w water content, samples on the sieves were wet 
to saturation, which was determined by the presence of a uniform glistening 
on the upper surface of the aggregates. It was assumed that glistening 
indicated the presence of water of near zero potential and that saturation 
had been achieved. Although use of a known soil water potential may be 
more precise and important than water content to understanding soil wet 
strength (Francis and Cruse, 1983), wetting the soil in the sieve cups on 
a tension table was considered impractical. Variability was similar for 
visually and gravimetrically (30% w/w) determined endpoints. It was 
decided that visual determination of the endpoint represented a more 
uniform soil water potential than a comparison by weight because of 
variability of aggregate density. Samples were run in duplicate. 
Other analyses Fifteen of 56 samples effervesced when treated with 
dilute HC1 and were pre-treated with sulfurous acid to remove carbonates 
prior to carbon analysis (Shaw, 1959; Nelson and Sommers 1982). With these 
exceptions, total C and N were determined as before. Bulk density was not 
measured. Particle size was determined by the pipette method. 
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Post-planting 1991 
Aggregates from the post-harvest sampling had highly variable physical 
and chemical properties, as expected. For this sampling, more closely 
matched sites within the 138C2 map unit were selected and the attempt to 
sample somewhat randomly within the map unit was discarded. Criteria for 
site selection were: 13 to 18 cm of mollic epipedon, no free carbonates as 
determined by dilute HC1, subsoil colors indicating good drainage, and a 
gently sloping ridgetop position. All sites were mapped as Clarion loam, 
but they were not mapped with the same slope and erosion phase. Matching 
sites were selected on two fields from each cropping system. For the 
alternative system, ALT-CORN was first year corn following hay, while ALT- 
SOY was soybean following corn, two years after meadow. For the 
conventional system, one field was sampled in corn (CONV-CORN) and one in 
soybean (CONV-SOY). This sampling plan enabled a comparison of the two 
farming systems with the same current crop. 
Three subsamples were collected at each of two sites within each of 
the four fields. A zone 15 cm by 15 cm by 7.5 cm deep was excavated using 
a hand trowel from an area centered on the row. It was decided to focus on 
obtaining information only from field-moist samples because the method was 
now established. An additional reason was to reduce the number of samples. 
Aggregate stability was measured as previously described for field-moist 
samples for the post-harvest 1990 samples. 
Other soil properties Total C, total N, and bulk density were 
determined as previously described. Particle size was determined by the 
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hydrometer method (Gee and Bauder, 1986), using a peroxide digestion to 
remove organic matter. For the digestion, 200 ml of distilled water was 
added to 40-g air-dry soil that had been ground to pass a 2-mm sieve. 
Acetic acid (10 ml, 1%) and 40 ml H202 were added. After overnight 
digestion, the flasks were boiled to remove excess peroxide. If the 
supernatant was discolored after cooling and settling, the peroxide 
treatment and boiling were repeated. A 50 g l'1 HMP (sodium 
hexametaphosphate) solution was used for the dispersant. 
Turbidimetric determination of microaggregate stability 
An alternate method of measuring wet aggregate stability was also 
evaluated for the 1991 sampling. It was apparent from the literature that 
many workers were having more success resolving treatment differences with 
turbidimetric methods (Williams et al., 1966; Molope et al., 1985). This 
method is considered by many authors to be a measure of microaggregate 
stability in contrast to macroaggregate stability data obtained by wet 
sieving procedures. 
The same wetting chamber and sieve cups were used for turbidimetric 
analysis as for wet sieving (Figure 2). Approximately 2.00 g (+/- 0.05 g) 
the 1- to 4-mm field-moist aggregates that were used for wet-sieve analysis 
were placed in each sieve cup. A correction was made for differences in 
field moisture content as previously described for the wet sieving 
procedure for field-moist aggregates. Samples were vapor wetted to 
saturation, and removed for analysis in random sequence to minimize 
differences in equilibration time before analysis. 
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Each sieve cup was inverted over a funnel placed in a 200-mm by 25-mm 
culture tube. The cup was struck against the funnel several times, 
removing most of the aggregates. Soil remaining in the sieve cup was 
washed through the funnel using a small amount of distilled water. The 
tube was then filled to within 2 cm from the top and stoppered. Total tube 
volume including the water and aggregates was approximately 65 ml. 
The culture tubes were stoppered and placed on a spinning device 
(Figure 4) for 20 revolutions at approximately 20 rpm. After spinning, the 
tubes were placed in a holder (Figure 5). A 5-ml aliquot was withdrawn 
from a depth of 2.9 cm using an Eppendorf mechanical pipette and placed 
into a cuvette after a pre-determined time (approximately 3 minutes) based 
on calculations using Stokes equation. Percent transmittance was read at 
620 nm using distilled water to establish a 100% transmittance baseline. 
Data for the post-harvest 1990 sampling and post-planting 1991 
samplings were analyzed using paired t-tests and simple correlations of 
measured parameters. Only field means and standard deviations are reported 
for the early samplings (preemergence and anthesis 1990) because of the 
limited number of samples, lost data, etc. 
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Figure 4. Machine used to spin culture tubes for the turbidimetric 
procedure 
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Figure 5. Pipette and culture tube used to obtain aliquot for 
turbidimetric procedure 
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RESULTS AND DISCUSSION 
It was anticipated that the Thompson (alternative) system would have 
more desirable soil physical properties (greater wet aggregate stability 
and lower bulk density) because of crop rotations that included forages, 
use of cover crops, and application of sludge and manure as organic inputs. 
Physical measurements at all four sampling periods confirmed this 
hypothesis with the following results. 
Preemergence and Anthesis Samples 1990 
Data from the first two samplings were considered preliminary, and 
means are reported without tests of significance (Table 3). Air-dry wet- 
aggregate stability (samples air-dried prior to vapor wetting to 
saturation) in preemergence samples was lower for soil in the 
conventionally managed field with the exception of the 2- to 5-cm depth of 
the Clarion soil. The conventional system also had higher bulk density 
than the alternative system. Differences in aggregate size distribution 
(MWD) were minimal. The Nicollet soil is typically found downslope from 
the Clarion. It is more poorly drained, tends to have higher organic 
matter content, and has a finer texture. The Nicollet soil was more stable 
than Clarion in all fields and at both sampling depths. 
Differences between air-dry aggregate stability and field-moist 
stability were considerable at anthesis (Table 4), although both air-dry 
and field-moist aggregates were slowly vapor wetted to saturation prior to 
analysis. Air drying created a definite increase in stability, presumably 
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through formation of additional bonds or strengthening of existing bonds 
between particles. Soils from the alternative farming system were more 
stable for both methods. The range of values from the least stable to 
most stable was wider for field-moist samples, suggesting that bonds 
formed during air drying may obscure some of the farming system 
differences. 
Aggregate stability was determined twice for each subsample from 
each field. The average standard deviation for the field-moist 
aggregates was 1.3, and the standard deviation for air-dried aggregates 
was 1.1. Thus a slight decrease in precision was observed for the 
field-moist method. 
Increased aggregate stability could result in lower bulk density 
late in the season. Soils with high aggregate stability may be able to 
resist breakdown of soil structure, crust formation, and consolidation. 
Bulk density prior to emergence and at anthesis was generally lower for 
the alternative system. Very low values (near unity) were found for the 
alternative system for anthesis samples. This may be partially 
explained by use of ridge-till cultivation. Construction of the ridge 
with the second pass of the cultivator fluffed the soil within the row, 
thus creating a low bulk density. Bulk density differences are likely a 
combination of cultivation differences, aggregate stability, and 
possibly other factors. 
Particle size and chemical data for preemergence and anthesis 
sampling sites are summarized in Table 5. The alternative system had 
greater total carbon. Manure inputs, use of cover crops, a crop 
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rotation including a forage crop, and somewhat less tillage are likely 
reasons for buildup of carbon. Soil texture is similar at all sites 
except for the ALT-CORN field which had higher clay and lower sand 
content than the other fields. For both soils, the conventional system 
had a lower pH. Past liming practices for the two systems are unknown. 
Post-Harvest 1990 
The relationship between aggregate stability and total carbon 
content is shown in Figure 6. Samples from which free carbonates were 
removed prior to analysis are shown separately. The field-moist method 
appears to show more response to carbon content than the air-dry method. 
The increase in overall aggregate stability values with air drying is 
also evident. The relationship between aggregate stability and clay 
content for the two methods is shown in Figure 7. Unlike carbon 
content, there appears to be no interaction between method and clay 
content. Average values for aggregate stability by field and 
measurement method are shown in Figure 8. 
This sampling was restricted to the Clarion series, but subsamples 
covered a much larger area than in previous samplings. Results are 
reported in Table 6. T-tests (Tables 7-8) were used to compare wet- 
aggregate stability measured for air-dry and field-moist samples. 
For air-dry samples, no difference was detected between the ALT- 
CORN and ALT-HAY fields, but both alternative system fields were 
significantly more stable than the two conventional fields. Within the 
52 
Figure 6. Effect of air drying and carbon content on wet aggregate 
stability for samples from the post-harvest 1990 
sampling (CaC03 * samples with free carbonates before 
treatment and C analysis) 
53 
percent clay 
Figure 7. Effect of clay content on air dry and field moist wet 
aggregate stability for the post-harvest 1990 sampling 
54 
* - 
Figure 8. Comparison of aggregate stability for air-dried and field 
moist aggregates by field for the fall 1990 sampling of 
  the Thompson-Baker (Alternative-Conventional) study 
55 
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Table 7. T-test data for air dry wet aggregate stability of conventional 
(Baker) and alternative (Thompson) fields for samples taken 
after harvest (Fall 1990) 
AIR DRY WET AGGREGATE STABILITY 
CONV-CORN CONV-SOY ALT-CORN ALT-HAY 
CONV-CORN * ** ** 
CONV-SOY ** ** 
ALT-CORN NS 
*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
Table 8. T-test data for field moist wet aggregate stability of 
conventional (Baker) and alternative (Thompson) fields for 
samples taken after harvest (Fall 1990) 
FIELD MOIST WET AGGREGATE STABILITY 
CONV-CORN CONV-SOY ALT-CORN ALT-HAY 
CONV-CORN NS ** ** 
CONV-SOY ** ** 
ALT-CORN ** 
conventional system, air-dry aggregates from the soybean field were 
significantly more stable than those from the corn field. 
With field-moist aggregates, significant differences were also 
detected between the alternative fields. This measurement also showed 
that aggregates from alternative fields were more stable than from 
either conventional field. Unlike the air-dry method, the field-moist 
method was unable to discern a difference between the two conventional 
fields at this sampling. 
57 
When all data were combined by method, both air dry and field moist 
wet aggregate stability methods were significantly correlated with total 
C, soil texture, and water content (Table 9). In fact, nearly all 
variables were correlated. Many of these relationships were not evident 
when each field was considered separately (Tables 10-13). The most 
consistently correlated variable was soil texture, which was correlated 
with both aggregate stability methods for all fields except those 
planted to corn. Aggregate stability was positively correlated with 
claY content and negatively correlated with sand content. Air-dry 
stability was generally more highly correlated with soil texture than 
field-moist stability. In the corn fields, field-moist aggregate stability 
was correlated with air-dry stability but had no apparent relationship to 
moisture, texture, or total carbon. The within-field tests showed total C 
correlated with air-dry stability for the CONV-SOY and with field-moist 
stability for the ALT-HAY field. Using three particle size classes, the 
highest correlation (which was negative) was with the sand fraction. 
Aggregate stability declined within a field as the percentage of sand 
increased. 
After Planting 1991 
The Clarion soil series in each field were compared again for this 
sampling. Means and t-test data are presented in Table 14. As before, 
soil aggregates from the alternative system were more stable for all fields 
and crops, regardless of the measurement technique. For the corn fields, 
only field-moist macroaggregate stability (wet sieving) showed 
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64 
statistically significant differences. The log10 transmittance in the 
turbidimetric procedure showed the same trend but the field difference 
was not significant. Aggregates from the CONV-CORN field had 
significantly less total C and N, were higher in sand, and were drier 
than the ALT-CORN field. Bulk density was also higher for the CONV-CORN 
field. Aggregates from the CONV-SOY field were significantly less 
stable by both measures and were lower in clay, higher in sand, lower in 
total carbon, and wetter than those from the ALT-SOY field. Prior to 
sampling, an attempt was made to match sites as closely as possible 
using landscape position, soil texture, and depth of mollic epipedon. 
It is impossible to know which factor or combination of factors was 
responsible for differences in aggregate stability. It may have been 
soil moisture, differences in organic matter, soil texture, or a 
combination of these and other properties. 
Correlation analysis (Table 15) for the combined dataset showed 
that logT and wet sieve data (WAS) were significantly correlated with 
each other, and with clay, sand, total C and total N. Total N was 
included in the analysis because some sources have suggested (Williams, 
1970) that organic constituents most important to aggregation should 
also be higher in N. There was a very slight trend for higher 
correlations of aggregate stability with N as opposed to C. 
Correlations with organic N might be more relevant, but were not 
measured. Wet aggregate stability (WAS) was also significantly 
correlated with storage water content. 
Fewer parameters showed significant correlations when correlation 
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analyses were done by field (Tables 16-19). This may be due to 
insufficient data for the individual fields. For logT, no parameters 
were correlated for CONV-CORN and ALT-CORN fields. In contrast, logT 
was correlated with silt, sand, C, pH, and storage water content in the 
CONV-SOY field. Wet sieve data (WAS) varied from no correlations in the 
CONV-SOY field to significant correlations with silt, sand, C, N, pH, 
and storage water content in the ALT-CORN field. 
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CONCLUSIONS 
At every sampling, for almost every field and soil sampled, and by 
any method used, the Thompson (alternative) field had greater wet 
aggregate stability than the Baker (conventional) field. Soil carbon 
(soil organic matter) was higher and bulk density was lower for the 
alternative system fields. Based on these data, use of alternative 
farming practices had created a soil structure superior to that of the 
conventional system. Assuming that the increase in soil carbon and 
aggregate stability results in lower soil losses, transferral of 
appropriate aspects of the alternative system to the conventional system 
should be investigated. 
A second major objective of this study was to develop field-moist 
methods of aggregate analysis. Air drying produced a distinct increase 
in aggregate stability compared with aggregates measured field moist, 
even though prior to analysis aggregates were wetted to saturation with 
both methods. The Kemper and Rosenau (1986) method was successfully 
adapted for use with field-moist aggregates. The method gave 
reproducible results, although there was a slight increase in 
variability. A turbidimetric method was also developed for use with 
field-moist aggregates. The turbidimetric method was correlated with 
wet sieve data. 
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SECTION II. TILLAGE SYSTEM EFFECTS ON WATER STABLE AGGREGATES: AMES, 
LANCASTER AND NASHUA LOCATIONS 
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ABSTRACT 
Tillage practices are increasingly subject to regulation to achieve 
environmental goals. The long term impact of tillage practices on soil 
physical and biological properties needs to be better understood to predict 
soil loss, runoff, and the fate of agricultural chemicals. 
The objective of these studies was to investigate the relationships of 
tillage method, soil carbon, microbial activity, and soil aggregate 
stability. 
Two long-term studies of tillage methods in Iowa, and one in 
southwestern Wisconsin, were sampled in May-June 1991. Aggregate stability 
was determined for field-moist aggregates using a wet-sieve method and a 
turbidimetric method. Microbial biomass and respiration were determined by 
C02 evolution. 
Microbial biomass was the measure most able to detect treatment 
differences. Turbidimetry and wet-sieve data were highly correlated, but 
neither was consistently better at resolving treatment differences. 
Addition of mulch to no-till corn increased soil carbon content, aggregate 
stability, and microbial biomass and respiration. No-till was superior to 
any method of tillage in terms of greater levels of soil carbon, aggregate 
stability, and biomass. Only slight differences were detected among 
methods involving considerable soil movement, including ridge-till, 
chiseling, and moldboard plowing. Microbial activity was significantly 
lower for plowed treatments in all three studies. 
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Tillage other than no-till resulted in lower soil carbon and decreased 
aggregate stability for all soils studied. No-till disturbed very little 
soil and created a very different soil environment, which was characterized 
as being wetter, higher in carbon and higher in microbial activity, and 
having greater wet aggregate stability. 
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INTRODUCTION 
Soil erosion, soil quality, water quality, and food production are now 
and have always been important agricultural issues. Erosion control, and 
emerging water qualify concerns, will bring increasing scrutiny and 
regulation of agricultural practices. A greater understanding of the 
impact of tillage and crop residue on soil properties and processes is 
needed. 
Many workers have used the wet stability of soil aggregates as an 
index of resistance to erosion and to quantify tillage and cropping system 
influences on soil structure. Aggregate stability and size distribution 
are two of the most important soil properties controlling resistance to 
soil erosion in many soils (Bryan, 1968; Luk, 1979). Miller and Baharuddin 
(1986) found both infiltration and soil loss highly correlated with several 
measures of soil dispersibility. Dispersed particles fill soil pores, 
reducing infiltration and increasing runoff. 
Tillage practices often reduce soil organic matter levels, which can 
be directly related to declines in aggregate stability (Tisdall and Oades, 
1982). Chaney and Swift (1984) found a closer relationship between organic 
matter and wet aggregate stability than with particle size, N, Fe, or CEC 
in 120 British soils. Both macroaggregate stability (Churchman and Tate, 
1987) and microaggregate stability (Pojasok and Kay, 1990) have been 
closely associated with C content. Cultivation may impact organic matter 
and macroaggregate stability by breaking up the network of fine roots and 
fungal hyphae binding macroaggregates (Adem and Tisdall, 1984). Molope et 
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al. (1987) explained that cultivation of soils leads to physical breakdown 
of aggregates, followed by microbial attack of previously inaccessible 
organic binding materials. This results in a reduction of soil organic 
matter, and loss of aggregate stability. While addition of organic 
materials can help offset deleterious tillage effects, regular tillage of 
soils, with little input of organic materials, leads to loss of soil 
organic matter and associated binding agents (Oades, 1984). 
The single most important factor limiting the growth of heterotrophic 
microorganisms is carbon (Lynch, 1984). Most soil C is humified and not 
easily available to fungi and bacteria. Bacterial activity has frequently 
been shown to increase microaggregate stability through the production of 
polysaccharides (Cheshire et al., 1984), although polysaccharides are 
temporary in soil (Tisdall and Oades, 1982). 
Soil aggregates are often divided into two major classes: 
microaggregates < 0.250 mm in diameter and macroaggregates > 0.250 mm. 
Pore size distribution is optimum when most of the clay fraction is bound 
into stable microaggregates and when these units are also bound into stable 
macroaggregates (Oades, 1984). Loss of organic matter with cultivation is 
usually associated with macroaggregates. Organic materials binding 
microaggregates into macroaggregates are what is principally lost as 
organic matter declines with cultivation (Elliot, 1986). Microaggregates 
are generally very stable, fine sand to silt-sized particles composed of 
clay and humified organic matter (Edwards and Bremner, 1967). These 
microaggregate bonding agents are characteristic of the soil and are not 
greatly influenced by management (Tisdall and Oades, 1982). 
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The first objective of these studies was to investigate two common 
methods of assessing wet aggregate stability (wet sieving and 
turbidimetry). The turbidimetric method has often been found to have 
greater ability to discern treatment differences because small changes in 
light intensity can be more easily detected than differences in weight 
(Williams, et al., 1966; Molope et al., 1985). The criteria for assessing 
the two methods were: (1) Ability to detect treatment differences, and (2) 
Correlations with other soil physical properties. The second objective was 
to determine if correlations existed between aggregate stability, soil C, 
and microbial activity. The third objective was to determine if aggregate 
stability, soil C, and soil biology were affected by the different tillage 
systems. 
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MATERIALS AND METHODS 
Lancaster, Wisconsin 
A long-term tillage study was investigated at the University of 
Wisconsin experimental farm near Lancaster Wisconsin. The soils were 
Rozetta and Palsgrove silt loams (fine-silty, mixed, mesic Typic 
Hapludalfs) formed in loess over limestone and sandstone bedrock. 
The site had been maintained in continuous corn for 12 years using a 
randomized complete block design. The tillage treatments sampled were 
moldboard plow (PLOW), chisel-disk (CHISEL), no-till normal (NTNORM), no¬ 
till bare (NTBARE), and no-till mulch (NTMULCH). All crop residue was 
removed from the NTBARE treatment and was placed on the NTMULCH treatment, 
doubling the residue cover on the NTMULCH. The NTBARE treatment simulates 
the removal of corn silage which is a common practice in the area. The 
site was analyzed as two separate studies in terms of treatment effects. 
One study was NTMULCH compared to NTNORM and NTBARE. The second comparison 
was NTNORM, CHISEL, and PLOW. Alfalfa was no-till drilled on the entire 
study area just prior to sampling. Alfalfa seedlings were not yet emerged. 
Samples were taken May 7, 1991. Samples were taken from the center of 
each treatment area, adjacent to where bulk density and dry aggregate size 
distribution samples were also collected. Wheel traffic zones were 
avoided. 
Wet aggregate stability 
Samples were not sieved at the site due to excessive moisture content. 
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Field-moist aggregates had insufficient strength to maintain their 
integrity when sieving was attempted in the field. Samples were broken 
apart and partially air-dried for approximately 30 minutes in the 
laboratory to facilitate sieving the aggregates. The soil was then hand 
sieved to obtain the 1- to 4-mm size fraction. Three determinations were 
made for each replication of each treatment. 
Other soil properties 
Moisture content was determined for the bulk soil in the field as well 
as after partial air drying. Earthworm populations were determined by 
saturating the soil within a 0.25 m2 quadrat with 25 ml gal*1 of a 40% 
solution of formaldehyde. Earthworms per quadrat were counted in the 
field, and after growing immature worms to maturity in the laboratory 
(Edwards and Lofty, 1977). 
Ames, Iowa 
A long-term tillage study was sampled at the Iowa State University 
(ISU) Agronomy and Agricultural Engineering Research Farm. Soils at the 
site were Clarion loam (fine-loamy, mixed, mesic Typic Hapludolls) and 
Webster silty clay loam (fine-loamy, mixed, mesic, Typic Haplaquolls). The 
entire field was disked and limed in 1987. The field has been in 
continuous corn with the same tillage treatments since the mid 1970's. 
There were four replications in a split block design. Tillage treatments 
were slot-plant ridge-till (SLOT-RIDGE), till-plant ridge-till (TILL- 
RIDGE), fall plow (PLOW), fall chisel (CHISEL), and spring disk (DISK). 
Tillage treatments were split into broadcast, banded, and no herbicide 
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treatments. Only the broadcast treatment was sampled for this study. All 
tillage treatments were cultivated and rotary hoed as needed for weed 
control. Sites were sampled June 17, 1991, when corn was at the four-leaf 
stage. 
Nashua, Iowa 
Samples were collected from a long-term tillage study at the ISU 
Northeast Iowa Research Farm. The soil was a Kenyon loam (fine-loamy, 
mixed, mesic Typic Hapludolls). Two crop rotations (continuous corn and 
corn-soybean), and four tillage systems were maintained in a factorial 
design with three replications since 1977. The tillage systems were: 
RIDGE-TILL, NO-TILL, CHISEL, and moldboard PLOW. Site selection within 
each treatment was determined with the aid of a detailed soils map prepared 
for the research farm (T.E. Fenton, personal communication, 1991). 
Aggregate samples from two replicates were collected June 18, 1991 when 
corn was at the 2 to 3 leaf stage. Infiltration data was collected on the 
same day with tension infiltrometers (Ankeny et al., 1988). 
All Sites--Sampling 
Samples for water-stable aggregate and microbial analysis were 
collected from within the row by excavating a 15-cm by 15-cm by 5-cm volume 
using a garden trowel. Four subsamples were taken at the Ames and Nashua 
sites and bulked. Only one subsample was taken at the Lancaster site. The 
samples were divided in the field for microbial and wet aggregate stability 
analysis. Samples for wet-aggregate stability were hand-sieved in the 
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field to obtain 1- to 4-mm aggregates. Samples for microbial analysis were 
forced through a 4-mm sieve, sealed in plastic bags, and placed immediately 
in insulated coolers packed with ice. 
All sites--Macroaggregate Stability Analysis 
Field-moist aggregates were stored at 4°C until analysis. Wet 
aggregate stability for macroaggregates was determined by the method of 
Kemper and Rosenau (1986). Briefly, this consisted of placing 4 to 5 g of 
field-moist aggregates into 8 sieve cups (Figure 1, Section I). Initial 
sample weight was adjusted to 3.92 g of oven-dry equivalent. The sieve 
cups had 24 mesh cm'1 stainless steel screens (wire diameter 0.165 mm, hole 
size 0.26 mm). Samples were vapor wetted for approximately 20 min with a 
home humidifier, in a chamber constructed of a large PVC pipe (Figure 2, 
Section I). 
The wetting endpoint was saturation, determined by the presence of a 
uniform glistening appearance of the upper surface of the aggregates. It 
was assumed that glistening indicated water of near zero water potential on 
the surface of aggregates and that saturation had been achieved. Use of a 
known soil water potential may be more precise and important to soil wet 
strength than water content (Francis and Cruse, 1983), but wetting the soil 
in the sieve cups on a tension table was impractical. Because of 
differences in density and porosity of aggregates, it was decided that 
visual determination of the endpoint represented a more uniform soil water 
potential than a comparison by weight. 
The cups were transferred to the sieving machine (Figure 3, Section I) 
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and sieved for 3 min (+/- 5 sec) at a frequency of 35 cycles per minute and 
a stroke length of 1.3 cm in tin moisture cans containing 3 cm of distilled 
water. This depth of water was sufficient to completely submerge the 
aggregates in the cups at the bottom of each stroke. After the distilled 
water treatment, aggregates were dispersed for 5 min in 2 g l*1 NaOH to 
separate sand and concretions larger than 0.26 mm. Any soil aggregates 
remaining after 5 min were broken up with a rubber policeman while 
continuing the sieving process. All cans were dried to constant weight in 
a convection oven at 105°C. This usually required 6-8 hours or typically 
overnight. One determination was made for each treatment and replication 
except for the Lancaster study for which three determinations were made. 
Turbidimetric Determination of Stability 
An additional method of measuring wet aggregate stability was 
developed. It was apparent from the literature that many workers were 
having more success resolving treatment differences with turbidimetric 
methods (Williams et al., 1966; Molope et al., 1985). Turbidimetry is 
considered by many a measure of microaggregate stability in contrast to the 
macroaggregate stability measured by the wet sieving procedure. The time 
and depth of reading percent transmittance can be adjusted to measure 
particles of any size using assumptions of Stoke's equation. 
The same wetting chamber and sieve cups were used for turbidimetric 
analysis as were used for the wet sieving procedure (Figures 1-2, Section 
I). A 2.00 g (+/- 0.05 g) sample of the field moist 1- to 4-mm aggregates 
were placed in each sieve cup. Samples were wet by vapor to saturation as 
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described for the wet sieving procedure and were removed for analysis in 
random sequence to minimize any effect of differences in equilibration 
time. 
Each sieve cup was inverted over a funnel placed in a 200 mm by 25 mm 
culture tube. The cup was struck against the funnel several times, 
removing most of the aggregates. Soil remaining in the sieve cup was 
washed through the funnel using a small amount of distilled water. The 
tube was then filled to within 2 cm of the top (total volume approximately 
65 ml) and was stoppered. 
The culture tubes were then placed on the spinning device (Figure 4, 
Section I) for 20 revolutions, at approximately 20 rpm. After spinning, 
the tubes were placed in a holder for approximately 3 minutes, a time 
determined by calculations using Stokes equation (Figure 5, Section I). A 
1- to 5-ml aliquot was withdrawn from a depth of 2.9 cm using a mechanical 
pipette and placed into a cuvette. 
Particle sizes in the aliquot were < 0.0126 mm equivalent spherical 
diameter based on the Stoke's equation assumptions. This size is much 
smaller than the traditional 0.250 mm maximum size for microaggregates but 
was the most practical for the equipment available. Particles were 
primarily fine silt and clay size. 
An aliquot of less than 5 ml was used in some cases to stay within the 
spectrophotometer range. If dilution was necessary, distilled water was 
added to bring the cuvette to a total volume of 5 ml. The cuvette was then 
was inverted 10 times before the reading was taken. The same dilution was 
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used for all samples from a site. Transmittance was read at 620 nm, and 
100% transmittance was set using a distilled water blank. 
All sites - Other Analyses 
Total C and N were determined for the 1- to 4-mm aggregates by dry 
combustion using a Carlo-Erba NCS Model 1500 analyzer (mention of specific 
products does not imply endorsement). 
Particle size was determined by the pipette method for the Lancaster 
site. The hydrometer method (Gee and Bauder, 1986) was used for the Ames 
and Nashua sites, using a peroxide digestion procedure to remove organic 
matter. For the digestion, 200 ml distilled water was added to 40 g of 
air-dry soil that had been ground to pass a 2-mm sieve. Acetic acid (10 
ml, 1 % by volume) and 40 ml H202 were added. After overnight digestion, 
flasks were boiled to remove excess peroxide. If the supernatant was 
discolored after cooling and settling, the peroxide treatment and boiling 
were repeated. A 50 g l'1 HMP (commercial grade sodium hexametaphosphate) 
solution was used for the dispersant. 
Microbial biomass, respiration, and ergosterol were determined by the 
methods of Jenkinson and Powlson (1976). 
Statistical Analysis 
Data were analyzed using SAS PROC GLM and PROC CORR. For the analysis 
of variance, the model used for the Lancaster and Ames studies was 
parameter X - (replication) (tillage treatment). The Nashua study was a 
factorial design, and the model for the analysis of variance was X * (rep) 
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(rotation) (tillage treatment) (rotation*tillage treatment). For all 
studies, the F statistic was calculated, and if significant, the LSD at the 
0.05 level was used to distinguish treatment differences. Simple 
correlations between numeric variables were also calculated. 
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RESULTS AND DISCUSSION 
Lancaster, Wisconsin 
Effect of mulch in no-till corn 
Long term effects of mulch in no-till continuous corn at the Lancaster 
site are summarized in Table 1. Wet sieving showed a significant increase 
in wet macroaggregate stability for the NTMULCH compared with the NTNORM 
and NTBARE treatments. The turbidimetric method was unable to discern 
microaggregate treatment differences. A portion of the difference in wet 
aggregate stability may be explained by differences in C, N, biomass and 
respiration. Significant differences were measured in total C, which 
paralleled the amount of residue cover in each of the treatments. The 
NTMULCH treatment had twice the normal amount of surface residue, while 
NTBARE had all residue removed. Differences in biomass closely paralleled 
carbon differences. The same trend was evident in soil respiration, but 
the NTMULCH treatment was not significantly different than normal no-till. 
No differences in particle size were found. Loess-derived soils tend 
to be fairly homogenous within a small area. Moisture content paralleled 
differences found in total carbon, microbial biomass, and crop residue 
cover. Water content in storage showed significant differences, but water 
content at sampling (0, Field) did not. (Water content was measured for 
samples in cold storage to correct for any changes in moisture after 
sampling. Moisture content had to be known with some precision because it 
was used to determine initial sample weight for both wet sieving and 
turbidimetric procedures). Differences in stored water content were 
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probably caused by arbitrary differences in extent of drying in the 
laboratory before samples were sieved to obtain 1- to 4-mm aggregates. 
Water content in storage was important because it was used to calculate the 
initial weight of aggregates used in both the wet sieving and turbidimetric 
procedures. No differences were found in soil pH or earthworm populations. 
Effect of no-till compared to conventional tillage systems 
Results of the normal residue comparison for no-till (NTNORM), CHISEL, 
and PLOW treatments are summarized in Table 2. Unlike the study of mulch 
effects within a no-till system, the turbidimetric procedure showed greater 
power to resolve treatment differences in this study. The relative values 
of the tillage treatments were the same for both aggregate stability 
measures. Given that the trends are the same for both measures, 
measurement error was probably responsible for differences in the ability 
of the methods to detect treatment differences. It is not clear from these 
data if there are differences between macroaggregate and microaggregate 
stability. 
Both chiseling and moldboard plowing involve considerable soil 
manipulation and no differences were found between these treatments. The 
turbidimetric procedure showed significantly greater aggregate stability 
with the no-till treatment. As was found in the no-till mulch study, soil 
carbon in the surface soil layer paralleled crop residue cover amounts, 
with no-till > chisel > plow. Biomass, respiration, water content, and 
earthworm populations exhibited the same trend, although chisel and plow 
treatments were not different. Tillage, whether through chiseling or 
89 
plowing, reduces earthworm populations by mechanical disturbance and 
reduction in surface residue (Allison, 1973) . There were no differences in 
earthworm populations in the no-till mulch study, suggesting that for this 
location, soil disturbance seemed to affect earthworm populations more than 
surface residue. No differences were found in particle size distribution. 
Correlations of aggregate stability measures with soil parameters 
Data sets from the no-till mulch study and the no-till, chisel, and 
plow studies were combined to study correlations among the parameters 
(Table 3). Turbidity (logT) was positively correlated with wet sieve data, 
C, N, biomass, respiration, and water content. Wet aggregate stability 
(WAS) was correlated with the same parameters and showed a significant 
positive relationship with clay content. In contrast, Churchman and Tate 
(1987) found that wet aggregate stability decreased with increasing water 
content for samples kept field moist. Perfect et al. (1990) found water 
content the most important factor influencing both wet sieve aggregate 
stability and dispersible clay. They also found aggregate stability 
decreased with increasing water content. The difference between the 
Lancaster study and these previous studies is probably the confounding 
effect of the tillage systems. Systems with more residue have more carbon 
and microbial activity in addition to greater water content. Aggregate 
stability will generally decline with increasing moisture content at 
sampling for a given treatment. 
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A strong, but not precise relationship was noted between WAS and logT 
(Figure 1). The relationship of wet sieve stability and total carbon 
content is shown in Figure 2. 
The two methods of measuring wet aggregate stability were positively 
correlated. Average values for each method paralleled differences in total 
carbon and microbial biomass, but variability may have prevented consistent 
separation of treatment differences. No subsamples were taken in the 
field, and field variability may have been a factor. There was not a 
consistent advantage in the ability of either method to resolve treatment 
differences. The no-till mulch treatment was clearly the most stable soil. 
Total soil C, total N, biomass, and respiration levels paralleled changes 
in aggregate stability for both microaggregates and macroaggregates. The 
no-till mulch treatment exhibited a dramatic increase in total carbon as 
compared to normal no-till. 
Ames, Iowa 
No tillage treatment differences were noted for either measure of 
aggregate stability for samples from this location (Table 4). Significant 
differences were found for C, N, biomass, respiration, water content, and 
pH. No differences were found in particle size. There was little 
separation among treatment means for total C, N, and water content. The 
strongest evidence for treatment differences was microbial biomass. 
Plowing showed the least microbial activity by this measure, as well as by 
respiration. Plowing involves nearly complete burial of crop residue, and 
a reduction in soil water content compared to tillage methods that leave 
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surface residue. Less carbon was available in the plow treatment to 
support microbial activity in the surface soil. 
The turbidimetric measure of microaggregate stability was correlated 
with wet sieve macroaggregate data (WAS), total C, and total N (Table 5). 
In addition to these parameters, wet sieve data (WAS) correlated with 
biomass, and particle size. Water stable macroaggregates were positively 
correlated with clay and silt content and negatively correlated with sand 
content. Molope et al. (1985) and Pojasok and Kay (1990) also found 
significant correlations between clay and wet aggregate stability. 
Plots of soil parameters against the stability measures (Figures 6-7) 
show patterns similar to the Lancaster study. General relationships can be 
observed between many of the parameters, but no single parameter was a 
precise predictor of aggregate stability. 
At sampling, it was assumed that this was a long-term tillage study. 
It was later learned that although the same basic treatments have been used 
since 1975, the entire study area was limed and disked in 1987. Therefore 
the plots in the study area have been treated uniquely for only five years. 
Moreover, minimal treatment differences in aggregate stability may be 
because the treatments are really not that different. The SLOT-RIDGE and 
TILL-RIDGE were really only minor variations of the ridge-till system. A 
ridge was constructed with cultivation in both systems. The only real 
difference was how much of the previous year's ridge was disturbed in the 
planting operation. The TILL-RIDGE system removed several cm of the ridge 
at planting, and the SLOT-RIDGE system involved planting into a relatively 
undisturbed ridge. 
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All treatments were cultivated and rotary hoed depending on weed 
pressure each year. There was no true no-till treatment to evaluate the 
effect of tillage as compared to no tillage. 
Nashua, Iowa 
Combined dataset--both corn-corn and corn-soybean rotations 
For soils at the Nashua site, significant treatment differences were 
detected by both measures of aggregate stability, although the relative 
ranking varied (Table 6). Wet sieving (WAS) identified NO-TILL and as 
having greater aggregate stability than CHISEL and PLOW treatments. 
Turbidimetry (logT) showed NO-TILL and RIDGE-TILL as having greater 
aggregate stability than CHISEL and PLOW treatments. No differences were 
measured for total C and N. Plowing showed the least microbial biomass and 
respiration. No difference in biomass or respiration was detected among 
the NO-TILL, RIDGE-TILL, and CHISEL treatments. 
The NO-TILL treatment was significantly wetter than any other 
treatment, which can at least partially be explained by the heavy surface 
residue cover with this system. A slight but significant difference was 
measured for clay content in the PLOW system. Ponded infiltration 
differences were not significant, although it is of interest that no-till 
exhibited the highest infiltration rate. Increased macroporosity with no¬ 
till (Elliot and Coleman, 1988) may be responsible. 
Turbidimetry (logT) was correlated with WAS, biomass, respiration, 
water content in storage, and infiltration (Table 7). Wet sieve data (WAS) 
was correlated with logT and water content. No relationships were 
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observed between the particle size fractions or total C or total N and 
either measure of aggregate stability. Similar relationships were observed 
between wet-sieve aggregate stability and water content (Figure 6), and 
turbidity and microbial biomass (Figure 7). 
Results from the continuous corn plots alone 
When only plots in a continuous corn rotation are considered, the 
turbidimetric procedure showed the same treatment effects (Tables 8-9) as 
in the combined analysis. Treatment differences are more clearly resolved 
for the wet sieve (WAS) data. Water stable macroaggregates (WAS) were 
greatest for the no-till treatment > ridge-till = plow > chisel. For the 
microaggregate measure (logT), no-till = ridge-till > chisel = plow. No 
differences were noted for total C or N. Microbial biomass was 
significantly less under the plow tillage system. For this more limited 
dataset, the only significant correlations measured were between WAS and 
logT, storage water content, total C and N (Table 10). No measured 
parameters other than WAS were correlated with turbidimetry (logT). 
Results from the corn-soybean plots alone 
No treatment differences were detected with either measure of 
aggregate stability, or for total C or N (Tables 10-11). The microbial 
measures were again superior to the aggregate stability measures in terms 
of differentiating treatments. The plow treatment exhibited the least 
microbial biomass. No differences were found in water content, particle 
size, pH, or ponded infiltration. 
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Turbidimetry (logT) was positively correlated with WAS, biomass, and 
respiration. Wet sieve data (WAS) was correlated with water content in 
storage in addition to logT, biomass, and respiration. 
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Figure 1. Relationship of wet aggregate stability (wet sieve) and 
turbidity (logT) for the Lancaster tillage study 
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Figure 2. Relationship of wet aggregate stability (wet sieve) and 
total carbon content for the Lancaster tillage study 
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Water Content (Field) 
Figure 3. Relationship of turbidity (logT) and water content in 
the field at sampling 
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Figure 4. Relationship of wet aggregate stability (wet sieve) and 
total carbon content for the Ames location 
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% Clay 
Figure 5. Relationship of wet aggregate stability (wet sieve) and 
clay content for the Ames location 
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Water Content (Stored) 
Figure 6. Relationship of wet aggregate stability (wet sieve) and 
water content in storage for the Nashua tillage study 
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Figure 7. Relationship of turbidity (logT) and microbial biomass 
for the Nashua tillage study 
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CONCLUSIONS 
Neither method of measuring wet aggregate stability was 
consistently able to detect treatment differences. Each method was 
better in terms of showing treatment effects at one of the three 
locations. 
The two methods of measuring aggregate stability were correlated in 
all of the studies, but the relationship was inexact. Treatment means 
for wet-sieve data and turbidimetric stability generally gave the same 
relative ranking, although differences between tillage treatments were 
not always significant. Measurement error may be the source of 
differences in the ability of the methods to distinguish treatment 
effects. It may be that the methods are measuring the same aspect of 
stability. Soils that have more stable macroaggregates will tend to 
have less turbidity, and the opposite will be likely for unstable soils. 
It was not possible to determine which method of measuring 
aggregate stability was more closely related to other soil physical 
properties, because the data were not made available by other workers. 
Correlations of aggregate stability measures with soil C, biomass, 
and respiration were positive and generally significant. At Nashua, 
only the turbidimetric measurement of aggregate stability was correlated 
with microbial biomass and respiration. At Ames, wet-sieve data were 
more highly correlated with particle size than with C or with microbial 
measures. 
The effect of tillage system on aggregate stability, C, and 
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microbial biomass and respiration was not clear, in part because the 
treatments were somewhat different at each of the three locations. The 
no-till treatment at Lancaster had the most water-stable aggregates, 
greatest water content, most total carbon, greatest number of 
earthworms, and greatest microbial biomass and respiration. At Nashua, 
no-till and ridge-till were similar in aggregate stability. Also at 
Nashua, chisel and plow treatments had similar aggregate stability, but 
were lower than no-till and ridge-till. Plowing resulted in 
significantly lower microbial biomass and respiration at Ames and Nashua 
than any other tillage treatment. Lancaster was the only site where C 
was strongly associated with aggregate stability and tillage treatments. 
Removal of crop residue in a no-till continuous corn system did not 
affect aggregate stability, although total C, N, and microbial biomass 
were reduced. Addition of mulch beyond normal crop residue in the same 
system increased all the same parameters. 
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GENERAL SUMMARY 
Wet Aggregate Stability Methods 
Two methods of determining the wet stability of soil aggregates were 
developed based largely on methods established in the literature. Both 
methods (wet sieving and turbidimetric analysis of field moist aggregates) 
had reproducible results, and were correlated with important soil 
properties such as clay content, soil carbon, and measures of microbial 
activity. 
Criticisms of the methods include: (1) For both methods, only the 1- 
to 4-mm fraction of soil aggregates are used. It would be preferable to 
design a method of analysis that captures the entire range of soil 
particles from the bulk soil, and to know the size distribution of these 
units. Angers and Mehuys (1988) found the size distribution of water 
stable aggregates better distinguished cropping systems than the Kemper and 
Rosenau (1986) single-sieve method. Bonding agents and strengths have been 
shown to vary with aggregate size. To more fully understand farming system 
and tillage effects on soil aggregates, all of the aggregates present in 
the natural soil should be considered. (2) For precise work, the methods 
should be modified to allow water potential to be known before analysis. 
(3) Neither procedure closely simulates any field process. Aggregates in 
the field under ponded conditions are at zero or greater potential, but are 
not subject to agitation as they are in the laboratory procedures. The 
field process most closely approximated is flow within a rill, and the wet 
aggregate stability methods used in these studies may have some application 
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for erosion studies with this emphasis. (4) Aggregate stability analysis 
is done to some degree because it is much easier and cheaper than runoff 
and infiltration studies. Susceptibility to crust formation, plant 
response, and infiltration characteristics are probably more meaningful 
soil properties than saturated aggregate stability. Soil pores are the 
other component of soil structure, and their size distribution, continuity, 
and stability are the factors which may be most significant for soil 
behavior. We often infer pore stability from aggregate stability, but 
there may not be a simple or consistent relationship (Gibbs and Ried, 
1988) . 
The main value of the aggregate analysis procedures developed may be 
for use in the study of isolated aspects of aggregate bonding and microbial 
activities, particularly in the laboratory. Studies have been done with 
selective inoculation of soils with bacteria and fungi, and as well as 
studies utilizing extraction with solvents to investigate aggregation 
(Harris et al., 1966). The wet aggregate stability methods developed could 
be used for these type of studies. Field studies should generally 
emphasize properties of the bulk soil and not a selected fraction, unless 
that fraction is of particular interest. 
Soil Management and Wet Aggregate Stability 
Soil management impact on the water stability of soil aggregates is 
the title of this thesis. What has been learned about the relationships of 
management practices and aggregates in the Thompson-Baker study, the long¬ 
term tillage studies, and experiments detailed in the appendices? 
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Water content has been one of the most important variables. From the 
comparison of air dry and field moist stability, the dramatic influence 
drying has on strengthening aggregate bonds was clear. Several studies 
have found localized drying around roots very important in aggregation 
processes. The use of cover crops (as Thompson does) may enhance near¬ 
surface aggregate stability through drying and root exudates. Weed control 
and surface cover are common purposes of using cover crops, but improved 
aggregation and porosity may also result. 
Total soil carbon (and organic matter) levels paralleled microbial 
biomass, aggregate stability, and to a degree, tillage intensity for the 
long term tillage studies. (Microbial activity was not measured for the 
Thompson-Baker study, but carbon content paralleled aggregate stability.) 
Tillage practices such as no-till preserve and may even increase soil 
carbon. Reduced tillage practices such as chiseling or ridge-tillage 
sometimes showed an advantage over plowing for preservation of soil carbon 
and aggregate stability. 
Carbon is often a limiting factor for microbial activity and is 
therefore a limiting factor for the organic component of aggregate 
stability. Heavy mulch in the no-till treatments in the Lancaster study 
clearly increased soil carbon and aggregate stability. Improved 
aggregation could probably be achieved by supplying additional soil carbon 
to any tillage and cropping system. Simply using reduced tillage methods 
should lead to reducing loss of soil carbon, increased aggregate stability, 
and improved soil tilth. 
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APPENDIX A. STUDY OF THE FIELD-MOIST WET-SIEVING METHOD 
An experiment was conducted to evaluate modifications to the wet 
sieving method of Kemper and Rosenau (1986). Three soils were used to 
provide a range in properties: Clarion loam (fine-loamy, mixed, mesic Typic 
Hapludolls), Canisteo silty clay loam (fine-loamy, mixed (calcareous), 
mesic, Typic Haplaquolls), and Ladoga silt loam (Fine, montmorillonitic, 
mesic, Mollic Hapludalfs). 
The standard treatment (STD) was as described in Section II for wet 
sieving field moist aggregates, and was included as a reference procedure. 
For this treatment, 1- to 4-mm aggregates were used. Samples were removed 
from the vapor wetting chamber when they appeared to be saturated. This 
required approximately 20 minutes. Aggregates were sieved for 3 minutes in 
distilled water, followed by complete dispersion in NaOH. Except for the 
noted deviations, this same procedure was followed for all treatments in 
this experiment. 
The 1 to 4 mm aggregates were hand sieved a second time to obtain 1- 
to 2-mm (1-2 mm) and 2- to 4-mm (2-4 mm) aggregates before wet sieving each 
fraction. This comparison was included to evaluate the effect of aggregate 
size and to determine the importance of obtaining a representative 
subsample. 
Many soil studies are conducted using non-dispersive wetting 
solutions. A non-dispersive 0.01 M CaCl2 treatment (CaCl?) was used to 
determine if solution ionic strength produces measurable differences in 
aggregate stability with this wet-sieving method. 
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The period of vapor wetting is subjective with the Kemper and Rosenau 
(1986) wet sieving method. Therefore, a predetermined set of wetting times 
12, 21, and 30 minutes were used to evaluate the sensitivity of the method 
to this factor. 
A randomized complete block experimental design with four 
replications was used for all of the comparisons. Treatments were randomly 
assigned to the sieve cups and their position in the wetting chamber and 
wet sieve. Single degree of freedom (df) contrasts were used to compare 
the treatments. 
Results 
Table 1. Treatment means of percent wet aggregate stability from the wet 
sieving method study 
Treatment Soil Series 
Clarion Canisteo Ladoga 
STD 63, .8 96.6 71.2 
1-2 mm 61, ,4 94.7 66.4 
2-4 mm 65. ,4 97.6 77.4 
CaCl2 66, .7 94.1 77.0 
12 minutes 65, .2 96.5 74.1 
21 minutes 65, .5 96.2 72.5 
30 minutes 65, .5 96.0 69.2 
The relatively high stability of the Canisteo soil can be explained by 
a combination of several factors. The sample was from an established 
hayfield, conditions at sampling were rather dry, and the Canisteo series 
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Table 2. Single df contrast 
study 
results for the wet sieving method 
Test Clarion soil 
Mean MSE F P > F 
1-2 mm 61.4 6.95 4.6 0.01 
2-4 mm 65.4 
12 min 65.2 6.95 0.02 NS 
30 min 65.5 
STD 63.8 6.95 2.42 NS 
CaCl2 66.7 
Canisteo soil 
1-2 mm 94.7 0.21 77.4 0.0001 
2-4 mm 97.6 
12 min 96.5 0.21 2.6 NS 
30 min 96.0 
STD 96.6 0.21 59.5 0.0001 
CaCl2 94.1 
Ladoga soil 
1-2 mm 66.4 4.2 57.4 0.0001 
2-4 mm 77.4 
12 min 74.1 4.2 11.5 0.0001 
30 min 69.2 
STD 71.2 4.2 15.9 0.0001 
CaCl2 77.0 
is typically higher in clay and organic matter than either of the other 
soils. 
For all three soils, the larger aggregates were significantly more 
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stable. The 2 to 4 mm aggregates must break down further than the 1 to 2 
mm aggregates to pass through the 0.250 mm sieve. For greatest precision, 
the narrowest possible range of aggregate sizes should be used. If the 
wider range of aggregates (1 to 4 mm) is to be used, it is clear from these 
data that obtaining a representative subsample is important. If the 
subsample used for analysis of one treatment has an unusually large 
proportion of large or small aggregates compared to another treatment, the 
results would be biased. Using the average of several measurements would 
be preferable. 
The procedure was established using 1- to 4-mm aggregates, and it was 
thought that this was already a narrow range of natural aggregates. 
Ideally, the bulk soil containing the full range of aggregates would be 
used to determine the size range of water stable aggregates. The wet sieve 
used was designed for a narrow range of aggregate sizes. 
The standard procedure has been to wet the aggregates until they 
appear saturated. This usually requires approximately 20 minutes. There 
was no effect of wetting times shorter or longer than the usual procedure 
for the two glacial till soils. The Ladoga silt loam soil exhibited a 
difference between short (12 minute) and long (30 minute) wetting periods, 
suggesting from this limited data set that loess soils are more sensitive 
to vapor wetting time than till soils. More attention should be given to 
the wetting endpoint when evaluating treatment effects on loessal soils. 
Results for the comparison of distilled water and CaCl2 were 
inconsistent. The CaCl2 should have resulted in higher wet aggregate 
stability. It did as expected for the Ladoga and Clarion soils, but the 
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Canisteo Is anomalous. A contributing factor to this difference may have 
been that Canisteo is naturally calcareous. The presence of carbonates 
probably increases aggregate stability and may reduce the impact of the 
wetting solution. 
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APPENDIX Bl. TURBIDIMETRY 
Determination of Linearity 
In the development of the turbidimetric procedure, it was apparent 
that the relationship between light transmittance and suspension 
concentration had to be understood. The same three soils, Clarion loam, 
Canisteo silty clay loam, and Ladoga silt loam, were used as in the wet 
sieving methods study (Appendix A) to provide a range in properties. 
The objective was to obtain a series of known dilutions with a wide 
range in turbidity for each soil. A small average particle size was 
required to keep suspensions reasonably homogenous (minimal settling of 
particles) as dilutions were prepared and readings were taken. 
Methods 
Approximately 12 to 13 g of moist soil was placed in each of two 125 
ml Erlenmeyer flasks. Deionized (DI) water was added to bring the total 
volume in each flask to approximately 100 ml. Flasks placed on a 
reciprocating shaker for 1 hr. The contents of the flasks were 
quantitatively transferred to a 1000 ml beaker, and DI water added to bring 
the total volume to 1000 ml. The solution was thoroughly stirred, and 
allowed to settle for 5 minutes. After settling, 10 X 10 ml aliquots 
(total-100 ml) were taken as quickly as possible from approximately 1 cm 
depth with an Eppendorf 10-ml mechanical pipette, and were placed in a 600- 
ml beaker. Deionized water was added to the 600-ml beaker to bring the 
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suspension to a volume of 200 ml. Dilutions for turbidity measurement were 
made from this initial suspension. 
To determine the relationship of the mass of particles in suspension 
to light transmission, a sample of the initial suspension was dried. Five 
10-ml aliquots of the 200-ml initial suspension were placed in tared 150- 
ml beakers, oven dried, cooled in a desiccator, and weighed to determine 
the mass of suspended solids per ml. The mass of sediment in each dilution 
was calculated using the mg ml'1 determined for the initial suspension. 
(Determining dry mass of sediment for each dilution for a 5 ml cuvette was 
not feasible. Dilutions which allowed measurable transmittance contained a 
mass so small that measurements of weight were not consistent or 
meaningful.) 
A series of dilutions of the initial suspension were prepared using 
Eppendorf 10-ml and 100-1000-|il mechanical pipettes. The initial 
suspension was stirred briefly before each dilution was prepared. Aliquots 
were placed directly into the cuvettes and diluted to 5 ml total volume. 
Two replicates for each dilution were prepared and the average percent 
transmittance was used in the analysis. A total of 15 different dilutions 
were prepared, ranging from 0.5% to 100% of the initial suspension. The 
procedure was repeated twice for each soil. 
A Spectronic 100 Spectrophotometer was used to determine 
transmittance. The spectrophotometer was allowed to warm up for at least 1 
hour before readings were taken. A wavelength of 620 nm was selected based 
on the literature and was adjusted for 100% transmittance with DI water 
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before and after each reading. The cuvettes were gently inverted at least 
10 times before each reading. 
Data were analyzed with SAS proc GLM, regressing the log10 of 
transmittance against the mg ml"1 in the dilution. 
Results 
Figures 1-3 show the response of transmittance to suspension 
concentration. A nearly linear relationship is observed for most 
dilutions. Greatest departures from linearity occurred with very turbid 
(high suspension concentration) samples. Turbidity data for all studies 
were analyzed using the log10 transformation of transmittance. To avoid 
the non-linear response range, samples in the tillage and farming system 
studies were diluted as needed before readings were taken to avoid single¬ 
digit transmittance values. 
The quadratic plus linear model was the best fit for the data, but for 
the sake of simplicity, the simple linear model was used. The curves were 
very similar for the three soils, as shown by the similar values of r2 for 
the three soils. 
Table 1. Fit (r2) of models for calibration curves for three soils for the 
relationship of logT and suspension concentration X 
model Canisteo Clarion Ladoga 
Xt 0.9768 0.9906 0.9876 
X2 0.8221 0.8336 0.8736 
X2 + X 0.9996 0.9993 0.9923 
t x - mg sediment ml'1 in suspension 
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Figure 1. Relationship of log! (transmittance) and suspension 
concentration for the Clarion soil 
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Figure 2. Relationship of logT (transmittance) and suspension 
concentration for the Canisteo soil 
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Figure 3. Relationship of logT (transmittance) and suspension 
concentration for the Ladoga soil 
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Precision of the Turbidimetric Method 
Once the technique for the turbidimetric procedure was established, an 
experiment was conducted to evaluate the precision of the method. 
Clarion and Canisteo soils were used for this study. Five runs of 
eight samples were completed for the Clarion soil, and three runs of eight 
samples were run for the Canisteo soil. The standard turbidimetric 
procedure as described in sections I and II was used. The contents of each 
cuvette were quantitatively transferred to a tared beaker, oven dried, and 
weighed. Sediment in each cuvette was weighed and reported as mg sediment 
5 ml*1. (Cuvettes contained 5-ml suspension). The data were analyzed as a 
randomized complete block design with each run considered a block. The 
objective was to evaluate the variability from run to run and within a run. 
Results 
Table 2. Results of tests of precision for the Clarion soil 
logT % T 
run Mean Range SD Mean Range SD 
i 1.18 0.11 0.04 15.3 3.8 1.3 
2 1.19 0.14 0.04 15.6 5.0 1.6 
3 1.17 0.09 0.03 14.9 3.1 0.9 
4 1.23 0.15 0.05 17.0 5.6 1.7 
5 1.21 0.09 0.03 16.1 3.3 1.2 
Mean 1.20 0.12 0.04 15.8 4.2 1.3 
143 
Table 3. Results of tests of precision for the Canisteo soil 
logT % T 
run Mean Range SD Mean Range SD 
i 1.56 0.13 0.04 36.8 11.4 3.6 
2 1.52 0.07 0.03 33.4 5.0 2.1 
3 1.55 0.05 0.02 35.9 3.9 1.6 
Mean 1.55 0.08 0.03 35.3 6.8 2.4 
Table 4. Effect of run, s ample order, and sediment we ight on transmittance 
(logT) for Clarion and Canisteo soils 
Clarion soil Canisteo soil 
F P > F F P > F 
run 2.58 0.06 3.90 0.05 
order 1.16 0.36 0.90 0.53 
mg 5 ml*1 0.00 0.97 0.02 0.90 
The F-test for mg 5 ml*1 is the result of a linear regression model, 
logT - m(mg 5 ml*1) + b. 
The run, which requires approximately 45 minutes to complete following 
vapor wetting was more important than the order in which samples are tested 
(Table 4). Blocking by run would therefore be preferred if possible. 
Order of samples was not a significant source of variability. There was no 
relationship between sediment in the cuvette (mg 5 ml*1) and logT. There 
were differences in light transmission, but the balance, which read to the 
nearest 0.0001 g, could not measure differences in sediment amount 
accurately. 
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Effect of Prolonged Equilibration 
Results of tests of precision of the turbidimetric method indicated 
that the order in which samples were run was unimportant, but it was 
speculated that a reduction in variability might occur with prolonged 
equilibration time. To evaluate this hypothesis, sets of samples were 
allowed to equilibrate after vapor wetting for periods of up to 3 hours 
prior to analysis. For the Canisteo soil, one run or eight samples was 
made for the 0 and 2-hr periods, and two runs were made for the 3-hr 
period. Three runs were completed for the Clarion soil for the 0 and 3-hr 
periods, and the 2-hr period was not investigated. 
Results 
Table 5. Effect of prolonged equilibration for the Canisteo and Clarion 
soils 
Canisteo Clarion 
Equil. 
Time 
Meant Range SD Mean Range SD 
0 hr 1.47 a 0.12 0.04 1.26 a 0.42 0.10 
2 hr 1.49 a 0.10 0.04 no data no data no data 
3 hr 1.47 a 0.10 0.03 1.26 a 0.41 0.10 
t Means with the same letter are not significantly different at the 0.05 
level of significance. 
As shown in Table 5, allowing samples to equilibrate for as much as 
three hours did not affect the mean value of logT. The variability as 
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expressed by the range and the standard deviation was slightly decreased 
with prolonged equilibration. 
Relationship of Transmittance, Clay, Carbon, and Sediment Weight 
For both the Thompson-Baker (Section I) and the long-term tillage 
studies (Section II), data were collected on the relationship of suspension 
concentration to transmittance. These data were collected to see if 
relationships could be observed between clay and carbon content and the 
simple linear regression equation logT - m*(X mg 5 ml’1 sediment) + b, where 
m and b are the slope and intercept, respectively. 
Samples were arbitrarily selected from each study. For each run, the 
initial sample weight was doubled to approximately 4 g. This was done to 
obtain a range in transmittance values both above and below that of the 
regular samples. The 4-g samples of aggregates were prepared with the 
standard turbidimetric procedure. After reading the transmittance of the 
initial aliquot, dilutions were made from the first cuvette to obtain four 
points on the curve. The contents of all four cuvettes were quantitatively 
transferred to a tared beaker, oven dried, and sediment weight per ml for 
each dilution calculated. A simple linear regression was run on the data 
and slope and intercept of the equation were determined. 
Results 
The slope and intercept were similar for all of the studies except for 
the ISU Agronomy farm site (Table 6). 
146 
Table 6. Calibration equations for the turbidimetric determination of wet 
aggregate stability for the studies. Values are for the 
regression equation logT - m*(X mg 5 ml'1 sediment) + b. 
Site Slope Intercept C Clay 
g Kg1 % 
Lancaster -0.299 1.97 25 16.4 
Ames -0.737 1.99 25 25.0 
Nashua -0.245 1.98 17 22.6 
ALT-CONV -0.307 1.95 19 16.4 
At the Ames location, the slope of the regression was more than twice 
that of the other studies. A systematic error in the dilution procedure 
may be responsible. For the combined dataset, carbon content was most 
important to the intercept of the equation, but clay content was also 
significant when regressed against logT (Table 7). For the individual 
studies, data were inconsistent for the relative importance of clay or 
carbon content (Table 40). The inconsistency may be due to insufficient 
data. 
Table 7. Results of regression analysis for slope and intercept of the 
calibration equation as a function of carbon and clay content for 
the combined dataset 
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Table 8. Regression analysis by site 
Parameter 
Slope Intercept 
F P > F F P > F 
Lancaster C 0.38 0.56 6.97 0.03 
Clay 5.59 0.06 0.52 0.50 
Ames C 1.01 0.50 0.23 0.71 
Clay 0.27 0.66 1.27 0.38 
Nashua C no data no data no data no data 
Clay no data no data no data no data 
ALT-CONV C 0.67 0.50 11.61 0.08 
Clay 0.00 0.97 8.97 0.10 
